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TYROSINASE AND THE STRUCTURE THE EGG SHELL 
ACHETA DOMESTICUS (L.)! 


McFARLANE 


Abstract 


The endochorion the egg the house cricket, Acheta domesticus (L.), 
composed, part, imbricated scales. These scales are revealed the pattern 
melanization the chorion that results immersing eggs aqueous tyro- 
sine before they have begun absorb water. Such treatment prevents the 
norma! breaking the endochorion, but does not prevent water absorption 
normal development the eggs. Failure the endochorion fragment the 
way affects the structure the underlying lipoid layer the serosal 
cuticle. 


Introduction 


previous paper (2), tyrosinases were reported present two 
layers the egg shell Acheta domesticus (L.): the endochorion, and 
thin outer layer the serosal cuticle which was called the ‘lipoid’ layer. 
the shell does not normally melanize, was suggested that these enzymes 
were involved the phenolic tanning the layers which they were lo- 
cated; was further suggested that the period water absorption was 
limited the interval between the tanning the endochorion and the subse- 
quent tanning the serosal cuticle. The present article describes the structure 
the shell shown the the tyrosinases under various experi- 
mental conditions. 


Methods 


Methods for obtaining, handling, incubating, and treating eggs have been 
described previously (2, 5). the present work, eggs were immersed 
the test solutions 32-ml shell vial, diameter mm; incubated 
35+1°C for hours; then removed from the solutions, washed, and 
incubated moist filter paper 35+1°C until hatching. The tyrosine 
solution used was always saturated solution water. All tests were carried 
out with saturated dopa solution well tyrosine; these usually gave 
similar results, except that melanization was always more intense with dopa, 
and dopa may read for tyrosine except where differences are specifically 
mentioned. 
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The Endochorionic Tyrosinase and Structure 
the Endochorion 


The endochorion very thin (about 0.4 layer which lies between the 
exochorion and the vitelline membrane (2, 3). has been reported contain 
lipid, which presumably responsible for the relative impermeability the 
shell before water absorption begins, and tyrosinase, which seems 
involved the characteristic fragmentation the layer that occurs the 
beginning water absorption (2). fragmenting, the endochorion changes 
from what appears homogeneous layer into many small ‘crystalloids’ 
which are more less rectangular shape (2) (Figs. 5). 

Further observations have now shown that the structure the endochorion 
means uniform before water absorption begins. eggs are immersed 
tyrosine before water absorption begins, the endochorion exhibits 
imbricated scaly structure (Fig. when seen surface view, whether ex- 
amined before after the beginning water absorption. This pattern 
due uneven deposition melanin the shell. dark band outlines 
the free part the scale; the leading edge this band always sharply 
delineated from the scale ahead, but the inner edge the band grades into 
the lighter part the scale. The scales vary greatly size and their shape 
roughly elliptical. The free edge the scale always directed towards the 
anterior end the egg, i.e. the scales must laid down beginning the 
anterior end. 

Overlapping scales are actually present. Some overlapping the dark 
bands the free edges the scales always observed (Fig. 2), and over- 
lapping all scales may inferred from the abrupt way which the dark 
band the free edge one scale ends the dark band the other scales. 
Although the scales are not visible cross section from paraffin sections, 
the overlapping may clearly seen side view when the shells are prepared 
follows: eggs are immersed tyrosine before water absorption begins, 
followed immersion basic fuchsin which taken the chorion; the 
eggs are treated with sodium hypochlorite for few minutes until the chorion 
largely removed, judged the degree staining; one end the egg 
cut off and the contents the egg are removed; and finally the whole, intact 
shell pressed flat slide. the edges the preparation, where the 
exochorion has been removed, the endochorionic scales may seen overlap 
like tiles roof. The sodium hypochlorite possibly acts separate the 
scales slightly that they may observed this treatment. the other 
hand, this overlapping only apparent when nearly all the melanin has 
been removed, just the outlines the scales being visible and not the dark 


Fic. Surface view shell egg which had been immersed tyrosine after the 
beginning water absorption. Note scales and crystalloids. 
Surface view shell egg which had been immersed tyrosine before 


water absorption. Note micropyle. X365 
Surface view shell egg which had been immersed tyrosine 


before water absorption and was photographed after revolution the embryo. Note 


darkened, scaly endochorion and spotted serosal cuticle. 580 
Surface view shell egg which had been immersed sodium hypochlorite 


just before revolution the embryo. Note hexagonal patterns spots. X240 
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Fic. Surface view the endochorion eggs immersed tyrosine before water 
absorption. Degree melanization indicated stippling, which not intended 
represent visible particles melanin. 


Fic. Surface view the endochorion eggs immersed tyrosine before water 
absorption. The large dots indicate visible particles melanin, the stipples the degree 
melanization. 
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Fic. Surface view the endochorion eggs immersed tyrosine after water 
absorption has begun. This figure schematic and indicates how the orientation the 


crystalloids changes from scale scale. 


Fic. Surface view the endochorion eggs immersed tyrosine after water 
absorption has begun. The variation the actual shape the crystalloids shown 
this figure. Intense stippling marks the boundary between scales. 
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bands; possible that the sodium hypochlorite has just removed 
covering layer (Fig. 6). 

eggs which have begun water absorption are immersed tyrosine, the 
pattern the scales may seen superimposed the pattern the crystal- 
loids (Figs. 1A, 5). previous paper (2) was reported that the crystal- 
loids seemed organized into groups, all crystalloids group having 
more less the same orientation; that the orientation changed from group 
group; and that each group had diameter about 10-20 From Figs. 
and may seen that such group crystalloids corresponds more 
less single scale, although the orientation the crystalloids may often 
the same from one scale the next and sometimes the orientation the 
crystalloids may vary from region region within scale. From these obser- 
vations may inferred that the scalar material highly organized. 

The term ‘crystalloids’ was used before (2) describe the fragments 
formed the breaking the endochorion, because the process resembled 
crystallization; the form the fragments was similar and they stained 
the same way with Mallory’s the unfragmented layer. new observation 
supports the analogy. 


Fic. Hypothetical cross section the endochorion showing overlapping scales. 
The outer surface uppermost. 


When eggs are immersed tyrosine before water absorption begins, the 
endochorion does not break into crystalloids, normally the case, even 
though the eggs swell and develop normally. Now has been shown before 
that the endochorionic tyrosinase necessary for development (2). not, 
then, because the tyrosinase has been used that the endochorion fails 
fragment; moreover, eggs which have been immersed tyrosine before water 
absorption begins show greater degree blackening when subsequently 
immersed tyrosine after water absorption begins, indicating that the enzyme 
may still function. seems likely that the physical presence melanin has 
disrupted the molecular organization the layer prevent the formation 
crystalloids, much impurity prevents the normal crystallization 
substance. certain, however, that some change structure takes place 
the endochorion the eggs that not show the crystalloids, the shell 
becomes more permeable water and dyes (3), but change visible with 
the light microscope. 


Distribution Tyrosinase the Endochorion 


mentioned before, the scaly pattern the endochorion always ap- 
parent eggs are immersed tyrosine before water absorption begins. How- 
ever, eggs are immersed tyrosine after water absorption has started, 
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some shells the scales appear (Figs. 1A, 5), whereas others show only 
uniform darkening the chorion; and both scales and uniformly darkened 
areas may found the same shell. The uniformly darkened area the 
shell dark the dark band the scales. 

Because the endochorion (and exochorion) may uniformly darkened 
this way, appears that tyrosinase uniformly distributed the endo- 
chorion. evident, then, that where the scaly pattern melanization 
appears, the availability the substrate, not the distribution the 
enzyme, which responsible. possible explanation for the scaly pattern 
suggested the few facts already known, i.e. that there are overlapping 
scales, and that the melanin can removed from the surface the scale 
the tyrosinase must lie the surface. the scales were covered externally 
homogeneous material which relatively impermeable tyrosine, more 
tyrosine could penetrate the enzyme the free edge the scale than 
elsewhere (Fig. 6). This would not hold for eggs immersed tyrosine after 
the endochorion had broken up: tyrosine could penetrate freely and the shell 
could now become uniformly melanized; and where scales are still found 
the shells such eggs, e.g. shown Figs. and probably insufficient 
tyrosine has penetrated melanize them completely. 

the tyrosinase appears lie the surface the scales, would seem 
more likely that the shell would waterproofed the outer surface rather 
than the inner surface the endochorion, found Rhodnius (1) and 
Melanoplus (6). lipid covering the surface the endochorion would 
suit not only the above hypothesis but also the facts permeability the 
shell dyes (3). 

addition the scaly pattern, most egg shells immersed tyrosine show 
small black spots (Fig. distributed more less uniformly over the shell 
and lying the same plane the scales when seen surface view. Eggs 
which are immersed tyrosine after the endochorion has fragmented show 
the spots (Fig. where scales are apparent, but not show them where 
the endochorion has darkened uniformly; the former case the spots pre- 
ponderate the edges the crystalloids, but have not been observed lie 
between crystalloids. the tyrosinase uniformly distributed the endo- 
chorion, these spots must represent localized concentrations substrate. 
They could indicate the location the ends fine pore canals the ex- 
ochorion, invisible the light microscope, means which greater amount 
tyrosine could pass through the exochorion. Similar spotting the exo- 
chorion, due the accumulation dye, occurs eggs which have been 
immersed basic fuchsin (3). such pore canals exist, they might serve 
bring the waterproofing material the endochorion. 

The scaly and spotted patterns the melanized chorion may invariably 
seen blackened eggs removed from the follicles the ovaries old females, 
which large numbers them occur. These eggs appear normal, except for 
the darkened chorion, likely that the darkening due the pene- 
tration the melanizing substances from the follicle. 

With regard the follicular origin the scales, probably one follicle cell 
forms several complete scales and parts others. Although the cells the 
follicular epithelium itself have not been examined, presumed that they 
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have the typical hexagonal shape. And eggs which have been more less 
uniformly darkened immersion tyrosine after water absorption has 
begun, darkened hexagonal areas, separated lighter strips, may sometimes 
seen the chorion, and presumably correspond the cells the follicular 
epithelium. They are very regular outline and about across. 

Finally, what the purpose the scaly endochorionic structure? 
possible that the scales serve only make the endochorion less uniform 
structure, and help insure that will break tanning. 


The Micropyle 


The chorion all eggs immersed tyrosine, and blackened eggs from 
the ovary, shows highly variable pattern suture-like lines surrounding 
the egg near the anterior end (Fig. 1B). This the micropyle. The principal 
darkened lines, least, indicate gaps the chorion. Presumably more 
tyrosine can enter the shell through these gaps than elsewhere, and conse- 
quently more melanin deposited. unlikely that more enzyme located 
this region. 


Tyrosinase the Lipoid Layer the Serosal Cuticle 


thin (about 0.4 outer layer the serosal cuticle, which has been called 
the ‘lipoid’ layer, has been shown contain tyrosinase (2). Normally there 
little melanization the serosal cuticle, and has been suggested 
that the tyrosinase used convert polyphenols quinones for the tanning 
the lipoid layer (2). 

However, melanization the lipoid layer the serosal cuticle may occur 
the eggs have been only partly immersed tyrosine before water absorption 
begins. Eggs which have floated tyrosine solution, better placed 
filter paper moistened with the solution, subsequently develop after blasto- 
kinesis areas black spots lying parallel the darkened portion the 
chorion, but slight distance from (Fig. 1C). These black spots occur 


Fic. Schematic interpretation the photograph, Fig. 1C. From left right: nor- 
mally broken-up endochorion; partially broken-up endochorion; unbroken, unmelanized 
endochorion; and unbroken, melanized endochorion. The large black circles indicate 
melanized spots lying the lipoid layer the serosal cuticle. 
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the lipoid layer the serosal cuticle, the chorion. They vary size, 
although most seem made few smaller spots, and they occur 
only below that part the endochorion which incompletely broken 
(Fig. 7): spotting does not occur below that part the endochorion which 
normally fragmented into crystalloids, nor below that part the chorion 
which shows visible evidence change, whether melanized not. 
clear that the incomplete breaking the endochorion has affected the 
structure the lipoid layer the serosal cuticle, but not yet possible 
state how this could brought about. 

also not possible say whether the spotting enzymic, but is, 
the time which the spots appear significant. Most eggs show the spotting 
just after blastokinesis has been completed, although few show before. 
the completion blastokinesis coincides with the cessation water 
absorption (5), spotting this time, means the tyrosinase active, 
supports the suggestion that the lipoid layer tans blastokinesis, thus 
stopping water absorption (2). 

Similar spotting the lipoid layer often observed after treatment 
eggs more hours old with sodium hypochlorite remove the chorion 
(Fig. 1D). Sometimes, may seen the photograph, hexagonal patterns 
are observed which correspond the outlines the serosal cells; however, 
the spotting confined the lipoid layer. Melanin formation this instance 
may due oxidation the hypochlorite, the removal lipid from 
the surface, leading melanization which may may not enzymic. 


The Vitelline Membrane 


The vitelline membrane persists throughout embryonic development, 
lying between the endochorion and the lipoid layer the serosal cuticle (3). 
When eggs are immersed basic fuchsin, the vitelline membrane stains 
light red with deep red spots distributed more less uniformly within (3). 

similar pattern spots the vitelline membrane, but colored brown 
instead red, may produced immersing eggs dopa (or sometimes 
tyrosine) after water absorption begins. Brownish spots appear more 
less uniformly light brown background (Fig. 8); they often have fine 
processes which may connect adjacent spots; and some preparations the 
spots have clear centers. These spots are never black, are all the others 
described before. 

This melanization the vitelline membrane may not enzymic, except 
when occurs with tyrosine, but enzyme involved, must the 
tyrosinase the endochorion. 

There can little doubt that the fuchsin-stained spots correspond the 
spots melanin: they are about the same size (about 0.8 and have similar 
distribution (about per and both types often have interconnecting 
processes. The spots may represent more permeable regions the vitelline 
membrane. 

Conclusions 


apparent that failure the endochorion fragment the normal 
way affects the formation the lipoid layer the serosal cuticle, perhaps 
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Fic. Melanization the region the vitelline membrane superimposed the 
outline endochorionic scales. These spots appear when eggs are immersed dopa 
after the beginning water absorption. 


altering its permeability slightly but not otherwise changing its function. 
also clear that the structure the endochorion must change when eggs, 
before water absorption, are immersed tyrosine, even though visible 
change has been found, because water and dye (3) absorption occur normally. 
Tanning the endochorion does not take place the normal way when 
preceded melanization, and may generally true for insect cuticles, 
many which both processes occur, that tanning must take place first, 
the nature the product depends the orientation the molecules 


undergoing tanning. 
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THE VITAMIN REQUIREMENTS THE HOUSE CRICKET! 


CLAUDE RITCHOT AND MCFARLANE 


Abstract 


The importance vitamins for growth and survival the nymphs 
Acheta domesticus (L.) was tested single omission. Thiamine, pyridoxine, 
nicotinic acid, pantothenic acid, choline, and biotin were found essential, 
the omission one them resulting very poor growth and little 
survival the adult stage. The absence riboflavin inositol retarded 
growth significantly, but large percentage the nymphs still reached the 
adult stage. The lack folic acid resulted significantly longer nymphal 
stage and greater mortality towards the end that period. Only the omission 
p-aminobenzoic acid had significant effect the nymphs. 


Introduction 


McFarlane al. (6) describe artificial diet (diet for the house cricket, 
Acheta domesticus (L.), which consists the following purified chemicals: 
casein, glucose, cholesterol, mixture inorganic salts, cellulose powder, 
and mixture vitamins. Growth and development the adult stage 
fed this diet not good that nymphs fed rabbit pellets (6), 
commercial animal food which the best diet have found for this insect, 
but quite adequate for the study some the specific dietary require- 
for the determination the vitamin requirements the nymphs Acheta 
domesticus, but substituting the vitamin mixture Noland al. (7) for 


the one they used. 
Materials and Methods 


The method for preparing and testing the diets has been described previ- 
ously (6). The temperature the incubator was maintained 
and the humidity 55+5%. 

The proportions the ingredients the basic diet were those used 
McFarlane al. (6): vitamin-free casein (40 g), glucose (20 g), ‘Alphacel’ 
cellulose powder (30 g), cholesterol g), and the salt mixture U.S.P. XIV 
g). This basic diet (diet 13) served the negative control. Twelve other 
diets were prepared, each containing the same basic diet just outlined, but 
with different vitamin mixture: the positive control diet (diet contained 
vitamin mixture the composition which shown Table and which 
contains the vitamins the same proportions used Noland al. (7) 
for the German cockroach; diets (diets 2-11) also contained vitamin 
mixture but with different vitamin omitted each diet; and one diet 
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(diet 12) contained vitamin mixture which described Table and 
the one used Fraenkel al. (3) for the mealworm. lipid material was 
added the diets, has been shown that wheat-germ oil improves only 
very slightly the rate growth the house cricket (6). All chemicals were 
obtained from Nutritional Biochemicals Corporation, Cleveland, Ohio. 


TABLE 
Vitamin mixtures 
Vitamin mixture Vitamin mixture 
Vitamins (mg/93 diet) (mg/93 diet) 

Thiamine 
Riboflavin 1.8 
Nicotinic acid 10.0 5.0 
Pyridoxine 1.6 
Calcium pantothenate 4.0 
Choline chloride 109.0 50.0 
Inositol 209.0 25.0 
p-Aminobenzoic acid 5.0 

Folic acid 0.5 0.25 
Biotin 0.025 


Sixty young nymphs, within hours hatching, were placed each 
diet under test. Nymphs were weighed after 10, 20, and days the diets; 
adults were weighed within hours their reaching that stage. The results 
reported here are from single experiment using nymphs from single brood. 

vitamin said here essential when its omission from the diet re- 
sulted poor growth and very little survival the adult stage. 
the case diets where many adults were obtained, the criteria for the im- 
portance the vitamin lacking are together the length the nymphal stage, 
the average weight the adults, and the percentage survival the adult 
stage. 


Results and Discussion 


The results for the first days the experiment are given Table II, 
those for the adults are shown Table III. 

The omission thiamine, nicotinic acid, pyridoxine, pantothenic acid, 
choline from the diets resulted very poor growth and development; 
adults were obtained except with diet minus nicotinic acid, which gave one 
adult low weight after days nymphal life. There doubt that 
these five vitamins are essential the house cricket. interesting note 
that omission choline had drastic effects growth; this unusual among 
the insects, and has only been reported for Blattella germanica (2). Biotin 
may also said essential for the house cricket, because this insect 
cannot grow and develop well the absence this vitamin, only nymphs 
out having been able reach the adult stage, after long nymphal 
period and with average weight significantly lower than that the control. 

far the other vitamins studied this work are concerned, none 
essential the house cricket, but, with the exception p-aminobenzoic 
acid, omission each affected growth and survival varying extent. 
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TABLE 
Nymphal growth during the first days 


Number and average weight the nymphs after: 


Exptl. 
diet Av. wt. Av. wt. Av. 
No. Vitamin mixture No. (mg) No. (mg) No. (mg) 
minus choline chloride 3.0 3.0 4.3 
minus folic acid 8.9 47.9 110.8 
TABLE III 


Average weight the adults hours old), average duration the nymphal stage, 
and percentage survival the adult stage 


Adult males obtained Adult females obtained 
Exptl. Av. duration Av. duration 


*Average duration the nymphal stage significantly longer than diet for 0.05. 
tAverage weight significantly lower than diet 1 for P < 0.05. 

Riboflavin, which, general, very important vitamin for insects (5), 
was shown here not essential Acheta domesticus, but its omission 
definitely delayed growth and development. After days, the nymphs fed 
diet lacking riboflavin, were less than half heavy those fed the control 
diet, and those which reached the adult stage had nymphal stage signifi- 
cantly longer; however, the average weight the adults was not significantly 
lower. The omission inositol (diet led similar results, except that the 
adult weight was significantly lower than that the control. This requirement 
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for inositol noteworthy, not the case for the majority insects 
studied; only Anthonomus grandis Boheman (8) and americana 
(L.) (1) have been shown require this vitamin. special situation occurred 
the absence folic acid. During the first days the experiment, growth 
and development the absence this vitamin, diet 10, seemed satis- 
factory the control; but, after that period, the nymphs were delayed 
their development, leading nymphal period significantly longer than 
that the control, and decrease the percentage survival. Growth was 
only delayed but not all inhibited, since the adults obtained were 
weight slightly greater than those the control, although the difference was 
not significant. 

Omission p-aminobenzoic acid (diet did not lead any significant 
effect the nymphs the house cricket. The only indication the useful- 
ness this vitamin was that 51% the nymphs fed diet reached the adult 
stage, comparison with 71% those diet McFarlane (6) have 
reported that omission acid had tendency delay the 
rate growth the females the house cricket; the other hand, they 
obtained percentage survival 72, which was good that obtained 
the presence this vitamin. All this indicates that there probably trend 
towards the need for this vitamin the house cricket, but not significant 
degree. insect has yet been shown require p-aminobenzoic acid for 
growth and development (5). 

Besides the study the vitamin requirements the house cricket, 
comparison was made between the two different vitamin mixtures, and 
(Table I). Vitamin mixture proved inferior After days, the 
nymphal weight was much lower diet 12, having mixture than diet 
with mixture Also, diet 12, the duration the nymphal stage was 
significantly longer, and only nymphs out reached the adult stage, 
comparison diet These results are most probably due the higher 
concentration one more vitamins vitamin mixture McFarlane 
al. (6) have already found that vitamin mixture was not adequate for the 
house cricket, and that double the concentrations the vitamins that 
mixture (minus acid) gave much better growth. Growth 
the latter mixture McFarlane was not, however, good that 
vitamin mixture the present work, far these experiments are 
comparable. This difference part due the fact that the experiment 
McFarlane al. was carried out instead 35+1° has 
been reported that Acheta domesticus will not grow and develop well 
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THE SPECIFICITY AND TRANSMISSION 
SOME AVIAN TRYPANOSOMES! 


BENNETT 


Abstract 


Trypanosomes, originating from different species birds from Algonquin 
Park, Ontario, multiplied and produced infective stages ornithophilic 
These insects are considered natural vectors Algonquin Park. Using ornitho- 
philic simuliids and Aedes aegypti intermediate hosts, trypanosomes from one 
bird were transmitted number species birds, indicating that the parasites 
had little specificity for the vertebrate hosts. Development flagellates other 
kinds biting Diptera was not consistent. Experiments indicate that the parasite 
probably transmitted the penetration flagellates (in the feces infected 
flies) through breaks the host skin. 


Introduction 


During the winter 1957, relatively high parasitaemia trypanosomes 
was noted captive saw-whet owl and blue jay. study these was 
undertaken complement work other avian hematozoa. The only blood- 
sucking insect available midwinter was Aedes aegypti and were fortunate 
transmitting the trypanosomes with this mosquito. The study was con- 
tinued during the following years both field and laboratory. During this 
period the suitability various hematophagous Diptera intermediate 
hosts for avian trypanosomes was tested. result, the probable natural 
vectors Algonquin Park, and the specificity the parasites for avian hosts, 
were established. Other experiments suggested the natural mode transmis- 
sion. These results are reported herein. 


Materials and Methods 


The location field work, methods capture birds, blood examinations, 
collection and maintenance simuliids, ceratopogonids, and tabanids were 
described previously (7). Hippoboscid flies reared from puparia and others 
taken from birds caught mist nets, well laboratory-reared Aedes 
aegypti, were used also transmission studies. Trypanosome-free birds were 
caught the field and held captivity. Prior their use experiments these 
birds were examined least twice interval week determine 
they were parasite-free. Imported Java sparrows were used also; these were 
exceptionally hardy. Experimental infections (of trypanosomes per 
cubic millimeter blood) were produced intraperitoneal injections 
saline suspensions (containing approximately 500,000 flagellates) the macer- 
ated hind-guts various insects which had engorged infected birds. Unless 
otherwise stated, all injections were made into Java sparrows. Infections were 
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detected birds examining fresh blood citrated saline; the level 
parasitaemia was estimated counts Neubauer hemocyto- 
meter. Dried blood films, fixed 100% ethanol and stained with Giemsa’s 
stain, were used for morphological study the trypanosomes. 

The birds used this study, taken from the American Ornithological 
Union Check-List (1), are follows: ANATIDAE: domestic duck, Anas boschas. 
TETRAONIDAE: *ruffed grouse, Bonasa umbellus. COLUMBIDAE: pigeon, Col- 
umba livia. ACCIPITRIDAE: sharp-shinned hawk, Accipiter striatus. STRIGIDAE: 
*saw-whet owl, Aegolius acadica. TYRANNIDAE: *eastern kingbird, Tyrannus 
tyrannus; *yellow-bellied flycatcher, Empidinax flaviventris. CORVIDAE: crow, 
Corvus brachyrhynchos; *blue jay, Cyanocitta cristata; Canada jay, Perisoreus 
canadensis. ICTERIDAE: *bronzed grackle, Quiscalus versicolor. FRINGILLIDAE: 
*chipping sparrow, Spizella passerina; *slate-colored junco, Junco hyemalis; 
*song sparrow, Melospiza melodia; *white-crowned sparrow, Zonotrichia 
leucophrys; *white-throated sparrow, Zonotrichia albicollis; *purple finch, 
Carpodacus purpureus; canary, Serinus canarius. PLOECIDAE: Java sparrow, 
Padda BOMBYCILLIDAE: *cedar waxwing, cedrorum. 
*catbird, Dumetella carolinensis. PARULIDAE: *myrtle warbler, 
Dendroica coronata; *magnolia warbler, Dendroica magnolia; *black and white 
warbler, varia; *northern yellowthroat warbler, Geothlypis trichas; 
*Wilson’s warbler, Wilsonia pusilla; *Canada warbler, Wilsonia canadensis; 
*northern water thrush, noveboracensis. SYLVIIDAE: *golden-crowned 
kinglet, Regulus satrapa; *ruby-crowned kinglet, Regulus 
*robin, Turdus migratorius; *veery, Hylocichla fuscescens. Trypanosomes from 
natural infections birds marked with asterisk were used obtain the 
measurements presented Table which the birds are listed family only. 


Experimental Transmissions 


The occurrence trypanosomes number species birds suggested 
the possibility differing strains species. These could specific for the 
vertebrate and (or) the invertebrate host. determine whether such speci- 
ficity occurred, different hematophagous invertebrates were allowed feed 
various species birds infected with trypanosomes. These invertebrates 
were examined for the presence developing flagellates. The latter were 
injected intraperitoneally into birds and the blood these birds was examined 
periodically for trypanosomes. The criteria used determine arthropod 
was intermediate host were the finding crithidial and metacyclical forms 
the hind-gut and the ability these forms produce infection when in- 
oculated into birds. 


Simuliidae 

Previously, ornithophilic simuliids (mainly Simulium (Eusimulium) aureum, 
latipes, quebecense, croxtoni, Simulium (Byssodon) rugglesi, and Prosimulium 
decemarticulatum) were reported (7) probable vectors avian trypano- 
somes Algonquin Park. test the validity this conclusion ornithophilic 
simuliids which had fed infected white-throated sparrows, purple finches, 
robins, ruffed grouse, blue jay, Canada jay, and domestic ducks were 
captured the method described previously (6). sample these flies was 
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examined daily thereafter. Production leptomonad, crithidial, and metacy- 
clical forms was noted all the species flies which fed each these 
species birds. Development started the blood meal within the peritrophic 
lower temperatures) the blood meal was digested and the stomach contents 
passed the hind-gut. During the passage the contents, some the 
flagellates established themselves the hind-gut where they continued 
reproduce; others were passed the feces. After days the hind- 
guts, dissected out the flies and suspended saline, were emulsified 
tissue grinder. 

Trypanosomes passaged through ornithophilic simuliids were inoculated 
into birds belonging the same species the donor, viz. white-throated 
sparrow (twice), Canada jay (twice), domestic duck (thrice), purple finch 
(once), robin (once), blue jay (once), ruffed grouse (once). addition, flagel- 
lates from simuliids fed one species bird were inoculated into birds 
other species. infection, persisting for least weeks (except duck 
and chick), was produced every injected bird (Table regardless the 
origin the flagellates. Infection persisted for only 4-5 days ducks and 
chicks, although, during this period, the trypanosomes apparently developed 
normally. Black flies that had fed infected saw-whet owl and crow were 
also examined (Table and development trypanosomes was noted 
each instance. These flagellates produced infection when injected into Java 
sparrows other birds (Table These results show clearly that ornitho- 
philic simuliids are suitable hosts for trypanosomes occurring nine species 
birds and that these trypanosomes show little specificity for the avian host. 
Moreover, these flies were abundant when the incidence trypanosomes was 
highest (7). More birds carrying trypanosomes were infected with Leucocyto- 
zoon than with any other hematozoon (7), suggesting that the vector tryp- 
anosomes was the same that for Leucocytozoon. 

1960, hind-guts ornithophilic simuliids caught from non-infected birds 
were examined during June and July. The incidence trypanosomes the 
flies increased with time, until about 50% the population harbored flagel- 
lates (Fig. 1). The incidence among certain species, however, was closer 
90%. The evidence indicates that ornithophilic simuliids are the important 
vectors avian trypanosomes Algonquin Park. Possibly simuliids are 
important vectors elsewhere the observations Duke and Robertson (15) 
suggest. 


Culicidae 

Laboratory-reared Aedes were allowed feed saw-whet owl 
infected with trypanosomes. Flagellates consistently developed the mos- 
quitoes and readily produced infections injection. Similarly, trypanosomes 
from blue jay No. developed Aedes aegypti and were transmitted. Trypano- 
somes from saw-whet owl were passed series other birds (Fig. 
using aegypti the intermediate between each transfer. Similarly, tryp- 
anosomes from blue jay No. were passaged through white-crowned sparrow, 
white-throated sparrow, canary, pigeon, chicken. However, trypanosomes 
from blue jay No. developed poorly these mosquitoes (Table II) and 
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two attempts, flagellates from the hind-gut did not produce infection when 
injected into Java sparrows. Few flagellates developed aegypti fed 
robin No. and they did not produce infection when injected. Flagellates 
developed well mosquitoes fed robin No. but infections were not pro- 
duced. Trypanosomes from purple finch developed only aegypti. 


PERCENT FLIES WITH TRYPANOSOMES 


25 4 14 24 o 14 24 
MAY JUNE JULY 


Fic. This figure shows increasing incidence flagellates population ornitho- 
philic simuliids during the period May July 20, 1960, Algonquin Park, Ontario. 
The minimum number simuliids examined for single point 24, the maximum, 180. 


SAW -WHET OWL ————> CANARY 
CHICK 
SHARPSHINNED HAWK 


JAVA ARROW WHITE-CROWNED SPARROW 
CHICK 
CANARY 


WHITE-THROATED SPARROW java 
SONG SPARROW ROBIN 
PIGEON BLUE JAY 


PURPLE FINCH 


Fic, This figure illustrates lack specificity for the avian host. Trypanosomes origin- 
ating the saw-whet owl were transmitted other species birds indicated. Aedes 
aegypti was used the intermediate host between each transfer. 
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the parasitaemia this bird was low, possibly some mosquitoes did not 
ingest flagellates. Trypanosomes from the white-throated sparrow did not 
develop 150 aegypti although each fly ingested trypanosomes. 
Trypanosomes from saw-whet owl, robin No. ruffed grouse, blue jay, grackle, 
and white-throated sparrow developed perturbans and Anopheles 
species occurring Algonquin Park. Only flagellates from Anopheles fed 
the saw-whet owl produced infection when inoculated. These data suggest that 
culicids are poor vectors avian trypanosomes Algonquin Park. This 
not surprising few mosquitoes were captured following engorgement 
birds (6). Further evidence that mosquitoes feed relatively infrequently 
birds this locality deduced from the low incidence Plasmodium the 
wild bird population (7). 


Tabanidae 

Approximately 150 Chrysops excitans, mitis, nigra, inda, and carbonaria 
were fed five species intected birds (Table flagellates developed 
all flies. None specimens these flies, collected the same time, har- 
bored flagellates. The rate multiplication the flagellates tabanids ap- 
peared more rapid than other insects, and, perhaps because the size 
the fly and the blood meal, more flagellates were produced per fly. Many 
flagellates persisted the stomach after the blood meal had disappeared, and 
some penetrated the extremities the Malpighian tubules although none 
were seen the haemocoele. The hind-guts, the simuliids, contained 
thousands flagellates. Injection these flagellates, even massive doses 
many 25,000,000, failed produce infections Java sparrows and 
ducklings. Tabanids rarely fed birds (6) this locality and cannot 
considered intermediate hosts avian trypanosomes Algonquin Park. 


Ceratopogonidae 

Trypanosomes from four six species birds tested (Table II) developed 
the ornithophilic biting midges Culicoides sphagnumensis, stilobezzioides, 
and crepuscularis. This development was usually restricted that period dur- 
ing which the blood meal was the stomach. The flagellates did not usually 
establish themselves the wall the hind-gut but were voided the feces. 
Flagellates from the stomach Culicoides spp. that had fed robin No. 
when injected into Java sparrow, appeared the blood hours, after 
which time the sparrow died. Flagellates from the stomach biting midges 
fed purple finch did not appear the blood after hours, after which 
time the host died. This evidence indicates that ceratopogonids may occasion- 
ally act intermediate hosts Algonquin Park, but are unlikely important 
vectors this region. 


Hippoboscidae 
one instance (Table II) trypanosomes from white-throated sparrow 


developed Ornithomyia fringillina and injection were transmitted 
another white-throated sparrow. flagellate development was noted 
fringillina fed the same bird. Trypanosomes did not reproduce 
additional fringillina allowed feed for 10-12 days two highly infected 
white-throated sparrows. developing trypanosomes were detected 


)- 

| 


CANADIAN JOURNAL ZOOLOGY. VOL. 39, 1961 


Lynchia americana fed infected owl for days previously. Fifteen 
americana were allowed feed infected saw-whet for davs and 
then eight flies were placed non-infected saw-whet owl and seven flies 
sharp-shinned hawk for further days. infections resulted. 

Trypanosomes from blue jay No. purple finch, and robins No. and No. 
were found fresh blood meals five fringillina fed each these birds 
for days previously. Flagellates were not found any other position 
the alimentary tract these flies. trypanosomes were found two 
three fringillina caught from each naturally infected scarlet tanager, 
yellow-bellied flycatcher, song sparrow, and junco. Similarly, trace 
trypanosomes was found four Ornithoica vicinia removed from naturally 
infected golden-crowned kinglet. Other data (7) have shown that the incidence 
trypanosomes the wild bird population decreasing the time hippo- 
boscids are numerous. 

Baker (3, has shown that hippoboscid fly, Ornithomyia avicularia, 
the vector trypanosome identified avium rooks England, 
proving Woodcock’s (30) suspicion that hippoboscids were vectors. 
interest note that Aragao (2) found that hannai the pigeon (Columba 
livia) developed the alimentary tract the hippoboscids Lynchia maura 
and brunet, but flagellates from these did not produce infection other 
birds following inoculation these parasites. view the manner which 
trypanosomes will will not develop various insects already mentioned, 
one can only conclude that Baker was working with trypanosome differing 
from ours its ability develop hippoboscids. conclude the basis 
our evidence that hippoboscids are not usually involved intermediate 
hosts avian Algonquin Park. 


Miscellaneous 

Developing trypanosomes were not noted approximately leeches 
(Placobdella rugosa) that fed infected domestic duck and saw-whet 
owl. developing flagellates were found larval ticks (probably Haema- 
physalis) taken from heavily infected white-throated sparrow. single 
second-stage Rhodnius prolixus was allowed feed Java sparrow infected 
with trypanosomes originating from saw-whet owl. Eight days later, some 
developing flagellates were found. 

These and other observations (20) show that many hematophagous arthro- 
pods support the multiplication and development trypanosomes occurring 
many birds. possible that some the species flagellates described 
from various bloodsucking arthropods (25, 29) are stages trypanosomes from 
birds other vertebrates? 


Route Infection 


Macfie and Thompson (20) transmitted trypanosomes canaries crush- 
ing infected mites the skin, but their results were not conclusive. Baker 
(4, transmitted avium administering orally birds emulsion 
containing flagellates this species. His experiments feeding whole flies 
birds were not conclusive. failed transmit the parasite spreading 
emulsion with flagellates scarified skin. attempted establish the 
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route which flagellates normally were transmitted from infected flies 
avian hosts. 


Via Ingestion 

emulsion containing flagellates from hind-guts infected Aedes aegypti 
mixture species ornithophilic simuliids was pipetted into the throat 
Java sparrow (Table equal volume the same emulsion was 
injected intraperitoneally into another Java sparrow and third Java sparrow 
was force-fed number whole, infected mosquitoes, black flies. With 
one exception (Table III), all emulsions administered orally produced infec- 
tions. However, resulting infections were considerably lower than those pro- 
duced injections. Infection did not result from ingestion whole flies. 

The results these latter experiments suggested that the flagellates must 
free the oral cavity before infection could produced. Thus, 
infected whole fly were eaten would have crushed the extent 
releasing flagellates from the hind-gut. Possibly the flies force-fed the seed- 
eating Java sparrows were not crushed sufficiently release flagellates the 
oral cavity. test this possibility, additional experiments were carried out 
using the insectivorous slate-colored junco. aegypti were fed three juncos, 
and additional three juncos received intraperitoneal injection emulsi- 
fied hind-guts from mosquitoes the same group. All three injected birds 
(Table became infected. None the birds which ate the mosquitoes be- 
came infected, although the number flagellates ingested were probably 
several times greater than the number injected. The negative results these 
additional experiments indicated that flagellates were not normally released 
into the oral cavity during feeding and this was unlikely means natural 


TABLE III 


Transmission trypanosomes using emulsified and intact flies containing crithidial 
and metacyclical forms 


Emulsion Oral administration 

Species fly and intra- 

experimental bird peritoneally Emulsion Whole flies 

Simulium spp. 36* flies, ca. 
(Java sparrow) None seen None seen 

Simulium spp. 120 120 flies, ca. 500 
(Java sparrow) None seen 

aegypti 130 200 

aegypti 325 335 flies, ca. 300 
(chick) 5/mm? Positive, but too low count None seen 

aegypti 800 850 flies, ca. 800 
(Java sparrow) None seen 

aegypti (20 flies) (20 flies) flies 
(Java sparrow) Positive, but too low count None seen 

ca. 500 flies, ca. 1600 
(junco) None seen 

aegypti ca. 500 flies, ca. 1600 
(junco) None seen 

aegypti ca. 170 145 flies, ca. 360 
(junco) None seen 


*Numbers of flagellates in thousands. 
tBlood level trypanosomes that developed recipient bird. 
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infection. Additional evidence support this conclusion was obtained from 
the results survey trypanosomes wild bird population (7). Purple 
finches and crossbills, which are primarily seed-eating birds (27), were fre- 
quently infected with trypanosomes (7). Conversely, swallows (Hirundinidae), 
swifts (Apodidae), woodpeckers (Picidae), and flycatchers (Tyrannidae), which 
are almost completely insectivorous, were rarely infected with trypanosomes. 


Via Anterior Station 

Transmission through the anterior station implies presence the flagellates 
the fore-gut, mouth, salivary glands and (or) regurgitation active 
migration flagellates from the posterior the anterior station. The first 
possibility was tested examination Aedes aegypti and ornithophilic sim- 
uliids various times following engorgement infected bird. Flagellates 
(Table IV) were found only the hind-guts the aegypti, after the blood meal 
had been digested and eliminated. total 309 black flies were examined 
and all had thousands flagellates the hind-guts. Twenty flies, however, 
each had flagellates the head. These flagellates were nearly twice 
long and more slender than those the hind-gut; the flagellates, admittedly 
few, did not produce infection when injected into two Java sparrows. 
another test, the emulsified heads and thoraces 137 Prosimulium dece- 
marticulatum fed infected grouse were injected into Java sparrow; 


TABLE 


Location flagellates two types biting Diptera various periods 
after the ingestion the trypanosomes 


Days after Location flagellates 
Number trypanosomes 
Insect examined ingested Hind-gut Head 
Simulium spp. flies flies 
Simulium spp. flies flies 
Simulium spp. fly fly 
Simulium spp. flies fly 
Simulium spp. 175 175 flies flies 


infection was produced. Twenty-five, seventy-five, and twenty-five infected 
aegypti were allowed feed two Java sparrows and chick respectively. 
infection with trypanosomes resulted. Twenty-five infected aegypti were 
allowed feed the author. Before they completed their meal, they were 
killed and the alimentary tract examined. instance were flagellates found 
anterior the hind-gut might have been expected regurgitation 
flagellates occurred. These results lead the conclusion that the trypanosomes 
not enter via the anterior station. 


Via Posterior Station 
The restriction infective flagellates the hind-gut (mid-gut while the 
blood meal digesting) biting flies suggests transmission from the posterior 
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station, perhaps similar that described for cruzi (10). Numerous flagel- 
lates were found the feces infected Aedes aegypti, ornithophilic simuliids, 
and tabanids. obtain estimate the number flagellates drops 
feces, some measurements were made the dried, stained feces Aedes 
aegypti and simuliids. The diameters the drops were measured ocular 
scale and the depth focusing the top and bottom the drop and noting 
the readings the micrometer scale the microscope. Twenty such drops 
averaged 0.06 although this volume lower than that fresh drop. 
These drops contained many 2500 flagellates, giving approximate 
density 40,000 flagellates per cubic millimeter (lower density fresh drops 
volume larger), but the number flagellates per drop was highly variable. 
The greatest number flagellates occurred shortly after the peritrophic 
membrane ruptured (unpublished) and the residue the meal was being 
eliminated, which time (after days 75+5° F), Aedes aegypti were 
ready take another meal. The infectivity flagellates from feces was shown 
injecting Java sparrow with about 30,000 flagellates, collected saline 
from the feces mosquitoes over 2-hour period; trypanosomes appeared 
the blood within hours. 

Three experiments were carried out determine flagellates would 
penetrate scarified skin, and flagellates would penetrate membranes about 
the eye. Flagellates from the hind-guts simuliids were used emulsions 
the following concentrations: 400, 10,000, and 14,000 flagellates per cubic 
millimeter. Drops emulsion were placed the skin, and pinpricks, drawing 
blood, were made through them. Emulsion was also placed non-scarified 
skin one bird each trial; drops were placed both eyes; control intra- 
peritoneal injections the same emulsions were made throughout. The three 
control birds became infected; none the three birds with emulsion the 
eyes non-scarified skin became infected. Infections were produced 
two three birds which emulsions containing approximately 10,000 and 
14,000 flagellates per cubic millimeter were placed the scarified skin. These 
emulsions contained fewer flagellates than found comparable amounts 
some feces simuliids and ‘aegypti. two other experiments, emulsions 
flagellates from the hind-guts aegypti were used. These experiments dif- 
fered from the preceding that the skin was scarified prior placing emulsion 
it. emulsion containing approximately 7000 flagellates per cubic milli- 
meter did not produce infection Java sparrow. emulsion containing 
approximately 40,000 flagellates per cubic millimeter produced infection. 
both experiments, about 1,000,000 flagellates were placed the skin. 

The above observations suggest that the natural transmission trypano- 
somes results from infective flagellates the feces flies penetrating the 
skin through fly bites. infection was produced placing emulsion 
and around the eyes and non-scarified skin, assumed that the flagellates 
are unable penetrate these unbroken membranes. Ornithophilic simuliids 
tend feed around the anus and heads birds, creating bleeding lesion. 
This feeding trait, together with large numbers flies feeding individual 
bird (6) and the high rate infection them (Fig. would facilitate trans- 
mission trypanosomes outlined. 
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Identity the Trypanosomes 


When this study was begun the trypanosomes the saw-whet owl, all 
trypanosomes the bird were one type. Over period time, however, 
two types were noted which differed only size. Danilewsky (13, 14), Mathis 
and Leger (22), Minchin and Woodcock (23), and others (3, 24) had noted 
similar differences the size trypanosomes individual birds. They con- 
sidered both sizes stages the life cycle the same trypanosomes. How- 
ever, our experience the lack host specificity the trypanosomes sug- 
gested the possibility mixed infection the owl. The following experi- 
ment, using aegypti throughout the intermediate, was carried out 
determine whether more than one species was involved. 

Trypanosomes (large forms only, Fig. 3a) from the saw-whet owl were 
transmitted Java sparrow No. Initially, this infection the sparrow 
consisted entirely large trypanosomes and these were transferred through 
mosquitoes Java sparrow No. The resulting infection was composed 
entirely large trypanosomes. After months, both large and small trypano- 
somes were noted Java sparrow No. and within week only small forms 
were apparent (Fig. These small trypanosomes were now transmitted 
Java sparrow No. The initial infection this bird was entirely composed 
large trypanosomes. After months, both Java sparrows No. and No. 
were infected with large and small trypanosomes. Since that time, similar 
observations infections other birds indicate that the small trypanosome 


Fic. Large form trypanosome saw-whet owl. Small form trypanosome 
saw-whet owl. paddae Laveran and Mesnil, 1904, from chipping sparrow. 
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stage the cycle the parasite the vertebrate host. Clearly, the total 
length the parasite cannot used character for the separation 
species unless the cycle the trypanosome the vertebrate host completely 
known. 

Other workers (17, 22, 28, 30, 31) have stressed the relation the kineto- 
plast the nucleus and the posterior end specific character. express 
this position more quantitatively than previously, the following ratios were 
calculated: (i) the distance from the posterior end the kinetoplast (PK) 
fraction the total length (TL) giving the ratio PK/TL and (ii) distance 
from center nucleus posterior end (PN) compared the total length 
giving the ratio PN/TL. 

These ratios for trypanosomes from species birds families are 
presented Table With the exception trypanosome from chipping 
sparrow taken once (Fig. 3c), trypanosomes from all the species birds are 
morphologically identical. Other observations morphology trypanosomes 
were made during examination the blood several hundred birds. Tryp- 
anosomes from living birds normally possessed strong myonemes (Fig. 3a, 
Trypanosomes from the heart blood dead birds were variable this char- 
acter. some dead birds, trypanosomes showed gradations from forms with 
myonemes forms lacking them. others, trypanosomes lacked myonemes. 
Trypanosomes from dead birds were usually wider than those from living 
birds and the region posterior the kinetoplast was usually shortened, alter- 
ing the ratios previously mentioned. Such trypanosomes were presumably 
moribund. They appeared similar mesnili Novy and MacNeal (24), 
point mentioned Woodcock (30). These observations also indicate the neces- 
sity for care use these morphological features specific characters. 

the basis morphology alone was concluded that all the trypanosomes 
studied (Table were (with the exception noted) the same species. This con- 
clusion was further supported the lack specificity for the vertebrate host 
shown the trypanosomes, and the fact that all developed infective flagel- 
lates 

However, trypanosomes from some birds did not develop aegypti, 
others developed but did not produce infective flagellates this mosquito, 
while others developed infective flagellates. Similarly, development tryp- 
anosomes other bloodsucking Diptera was variable (Table Evidence 
(unpublished) from the life history trypanosomes originating from different 
birds also indicated that differences existed between morphologically indis- 
tinguishable parasites. Whether such differences are specific racial rank 
not certain. such differences are specific rank, clear that the use 
morphology and occurrence different avian hosts for the identification 
avian trypanosomes limited. This view has been expressed Kerandel (17), 
Woodcock (30), Baker (3, 4), and others. New criteria for the identification 
avian trypanosomes must employed. suggested that the ability the 
trypanosome develop and produce infective flagellates variety 
bloodsucking Diptera, whether not such Diptera are true vectors, used 

criteria. Other criteria, such serological evidence, perhaps, the ability 
develop cultures lacking certain chemicals, may yet needed defin- 
itely separate the species. 
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The literature avian trypanosomes was reviewed determine what 
names would most suitable for the avian trypanosomes studied herein. 
1885, Danilewsky (13) described avium from the roller (Corvus garrulus) 
and species owl, using the names and for the large and 
small forms. 1889 gave fuller description sanguinus from 
number birds, including those mentioned (14). did not designate type 
host, provide illustration, present adequate description. Laveran (18) 
tried limit this name the trypanosome Syrnium aluco Strix aluco. 
Despite this, however, Novy and McNeal (24, 25), Coatney and West (12), 
Coatney and Roudabush (11), Baker (3, 5), and Sachs (26), use the ter- 
minology avium for trypanosomes North America and England. Baker (3) 
presents the best description avian trypanosome which terms avium. 

Subsequent the work Danilewsky (13, 14), many authors have named 
species avian trypanosomes, primarily the basis the avian host from 
which they were obtained. The better descriptions, such those Dutton 
and Todd (16), Bruce al. (9), Wenyon (29), Mathis and Leger (22), Kerandel 
(17), indicate trypanosomes which are morphologically similar (Table VI) 
avium, and could considered this species. Although avium 
virtual nomen nudum, its usage throughout the literature (Bettencourt and 
Franca (8), Mathis and Leger (22), and others) justifies its retention instead 
laverani Novy and McNeal, 1904, the next earliest description. The excel- 
lent descriptions paddae Laveran and Mesnil, 1904 given ref. and 
Thiroux (28) indicate clearly that this species distinct from avium 
the basis morphology and not hesitate ascribe this species 
trypanosome from chipping sparrow (Table V). 


TABLE 


Measurements and ratios avian trypanosomes obtained from measurements 
figures published the literature 


Total 

Trypanosome Author length Width distance PK/TL distance PN/TL 
avium Baker (3) (average) 49.6 12.8 0.26 0.47 
avium Thiroux (28) 0.17 0.46 
paddae Thiroux (28) 0.31 0.57 
paddae Wenyon (29) 

(average) 52.8 0.22 0.47 


Our material similar dimensions (Table VI) and appearance speci- 
mens termed avium Baker (3), Coatney (11, 12), and Sachs (26), 
and term these trypanosomes avium indicate that they belong, mor- 
phologically, the complex. Within the complex, many physiologically 
distinct strains species may exist. However, until more information con- 
cerning life cycles available, hesitate assign these 
other existing species erect new species contain them. 
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THE EFFECT ELECTRICAL STIMULATION LOW 
TEMPERATURES THE LARVAE PHOCANEMA 


CLARE BRADLEY 


Abstract 


Observations were made the effect low temperatures (down 
the response Phocanema external polarizing stimuli. The response anodal 
stimulation (contraction) was not affected fall temperature. The re- 
sponse cathodal stimulus varied with the temperature, and whereas room 
temperature the response was relaxation, low temperatures was either 
contraction was blocked altogether. Storage the worm low temper- 
ature for several hours had similar effect. some cases spontaneous rhyth- 
mical activity ceased the temperature fell; this effect was shown independ- 
ent the effect low temperature the response cathodal stimulation. 
associated morphological changes the neuromuscular system were observed. 


Introduction 


Infective larvae Phocanema decipiens (Krabbe, 1878) Myers, 1959 
(synonyms: Porrocaecum decipiens, Terranova decipiens) are found encysted 
the musculature groundfish. When the larvae are removed from the 
muscle and are placed physiological saline they show spontaneous rhyth- 
mical contractions similar the movement free-living nematodes described 
Stauffer (6). previous experiments attempt was made analyze 
the rhythmical activity the nematode Ascaris and determine whether 
the movements were myogenic neurogenic (2). Two methods were used 
inactivate the motor nervous system that study. Firstly, the nerve supply 
the muscle cells was dissected away, and secondly, the effect various 
depressant and stimulatory chemicals was observed. Both these methods, 
however, have certain disadvantages. 

Kayser (4) states that homeotherms the first effect lowering the body 
temperature reduction the activity the nervous system; over short 
periods time this effect reversible and when the temperature raised 
again, normal activity restored. yet, little known about the precise 
physiological changes which occur when the environmental temperature 
poikilotherm lowered. However, there may similar depression nervous 
activity, and was thought that study the effect near-freezing tempera- 
tures the movements nematode might provide some information 
the organization rhythmical contractions these worms. Ascaris dies 
the temperature the medium which kept falls below 30° and 
therefore unsuitable experimental material. Larval Phocanema, with 
poikilothermic host, normally subjected wide range environmental 
temperatures and seemed provide good material for the experiment. 
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Materials and Methods 


The larvae were removed from the musculature groundfish, candling, 
fish plants the St. Lawrence area, but were not shipped the laboratory 
refrigerated containers. When they arrived there, the larvae were washed 
free fish debris and were stored Baldwin’s medium (1), Ronald 
(5) showed that the optimum temperature for keeping Phocanema larvae 
the laboratory lay within the range —2.5° witha survival peak 
Ronald found that, physiological saline the worms lived 
for more than 3000 hours, but wherever possible fresh worms were used for 
the following experiments. 

nerve-muscle preparation was set the following way. The head 
worm was slit open along one lateral canal. The worm was then pinned 
out dish Baldwin’s medium 20° The posterior end the worm 
was ligatured and the thread was attached the recording apparatus. 

The movements whole animal muscle preparation can either 
recorded directly measuring the change length, the change some 
associated factor such tension, the pressure exerted the muscles, 
may measured. Few the methods most commonly used are easily adapted 
the recording small movements, which the change length the 
system may only 0.1 mm. During the present series experiments the 
movements Phocanema were recorded the following way. The thread 
ligaturing the posterior end the worm was attached the shaft Helipot 
precision potentiometer, that the worm moved rotated the shaft 
the potentiometer and the resulting change resistance was recorded 
Bristol electronic recorder. The potentiometer (sensitivity 0.05%) had low 
starting torque and moment inertia. the recordings made, the writing 
pen moved inches across the recorder chart when the length the worm 
changed 1.0 mm, and changes length small 0.1 could 
readily recorded. The response the recorder any change the length 
the preparation was rapid and steady base line was maintained when the 
preparation was not active. The disadvantage this method recording 
was that the relationship between the resistance the potentiometer and the 
deflection the writing pen was not a,linear one; however, the recorder was 
easily calibrated. Small weights could attached the shaft the poten- 
tiometer, that the worm was moving under tension. 

direct current stimulus and was applied the worm. The 
stimulating electrodes were silver silver chloride carried capillary tube 
filled with agar saturated with potassium chloride. One electrode touched the 
worm and the other opened into the muscle bath far away from the worm 
possible. The electrodes were connected reversing switch that the 
polarity the applied stimulus could changed. When the anode touched 
the preparation, the stimulus was referred anodal, and when the cathode 
touched the preparation, was called cathodal stimulus. 

Two experiments were planned. both, observations were made the 
effect low temperature the response the larvae electrical stimulation 
and the occurrence spontaneous rhythmical activity. 

the first experiment continuous recording was made the movement 
larva the temperature the medium was lowered from 20° and 


| 
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the response electrical stimulation various temperatures was observed. 
The larva was taken from the keeping medium and placed medium 
20°C for minutes before any recording the movement was made. 
The temperature the medium was then gradually lowered from 
surrounding, with ice, the vessel containing the worm. The experi- 
ment was then repeated the temperature was raised from 20°C. 

the second experiment recording was made the spontaneous move- 
ment and the response electrical stimulation larvae which had been 
kept After certain periods time this temperature, random 
batches worms were removed and the temperature their keeping medium 
was raised 20° Three worms from each batch were set preparations 
the way described, and recording was made 20° their spontaneous 
movements, any, and their response anodal and cathodal stimulation. 

this experiment, the recordings for each time interval were made 
different worms. eliminate the variability the results due variation 
the behavior different worms, the effect storage —10° was then 
tested single worm. This worm was thawed out intervals, its move- 
ments and responses were recorded room temperature, and was then 
refrozen for further period time. This experiment was repeated several 


worms. 
Results 


Analysis Activity Low Temperatures 

room temperature (20° Phocanema, like Ascaris (2), contracted 
response external anodal polarization and relaxed response cathodal 
polarization. These two responses will considered separately. 

All the worms responded anodal stimulus all temperatures between 
and 20° and all cases the response was contraction. The size the 
response was reduced the temperature the medium decreased. 

Table shows the response cathodal stimulation temperatures between 
and 20° The presence absence rhythmical activity also given. 
From the table, will seen that many cases rhythmical movements 
ceased the temperature the medium was lowered. The temperature 
which this activity stopped bore relation the temperature which 
the response cathodal stimulation was affected. some cases, although 
there was rhythmical activity there were irregular changes the level 
tonic contraction maintained the worm. 

The normal response (relaxation) cathodal polarization was sometimes 
inhibited the temperature was lowered. This effect was reversible over 
short periods time and the worm responded normally when the temperature 
the medium was raised again. The temperature which the ability 
respond cathodal stimulus was lost was sometimes above and sometimes 
below the temperature which rhythmical activity ceased. 

some cases, the temperature was lowered, the worm passed through 
stage which there was response cathodal stimulation. the temper- 
ature was lowered still further the worm responded cathodal stimulus 
contracting the make and relaxing the break shock (the type 
response which was normally elicited anodal stimulus). This sequence 
was shown well preparation number II. 
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The Effect Storage Low Temperatures 

Figure shows the relationship between the response anodal and 
cathodal stimulation and the length time for which each worm was stored 
nematode normally responded anodal stimulus con- 
stimulus. The effect the low temperature the response cathodal 
stimulation was more complex. The normal response cathodal stimulus 
was relaxation, but this was not elicited after hours 
After from hours some the worms responded cathodal stimulus 
contracting; this type response was seen most frequently after hours 
low temperature, and the percentage contracting worms declined rapidly 
with longer times. After hours none the worms responded 
any way anodal stimulus. 


CATHODAL STIMULATION 
7 


CONTRACTION 
RELAXATION 
RESPONSE 


RESPONSE 


ANODAL STIMULATION 


SHOWING 


WORMS 


Similar results were obtained the experiment which single worm was 
stored —10° thawed out intervals, and its movements and response 
stimulation recorded; after few hours the worm responded 
cathodal stimulus contracting. one case the worm was still con- 

Some attempt was made correlate the results obtained with morphological 
changes the neuromuscular system. After the response particular 
worm stimulation had been determined, the worm was fixed formalin 
for hours. The worm was then sectioned and stained with Heidenhain’s 
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iron haematoxylin was silver stained. Both these methods resulted 
the staining nervous tissue. The failure respond cathodal stimulation 
could not correlated with any changes the structure the median nerve 
cords the protoplasmic nerve-muscle connections. The hypodermal nuclei 
were still present larvae which did not respond cathodal stimulation. 


Discussion 


Before interpretation the results described here can made, the 
effect low temperature the physiological processes animal must 
discussed. Lowering the temperature animal appears cause reduction 
the activity its neuromuscular system, but not known whether the 
muscle cells the motor nerves lose their activity first the temperature 
falls. 

The temperature coefficient process high when any permeability 
changes occurring during the process are slow. The higher the temperature 
coefficient process, the greater will the effect reduction temper- 
ature that process. When nerve stimulated there are rapid changes 
the permeability the nerve membrane, and these are probably greater 
than the permeability changes which accompany the direct stimulation 
muscle cell. Possibly the transmission along the motor nerve blocked 
before the direct response the muscle cell itself. 

the discussion the experiments the response Ascaris external 
polarization (2) was suggested that anodal stimulus produced its effect 
acting the muscle cells directly, rather than stimulating any motor 
nerve pathway (2). the present experiments was shown that Pho- 
canema there change the response anodal stimulation when the 
temperature the medium lowered. the threshold response for the 
direct stimulation muscle cell less temperature-dependent than the 
threshold stimulation the motor nerve, then this observation would 
tend support the theory that anodal stimulus acts directly the muscle 
cell. 

The response cathodal polarization appears more complex. the 
experiments Ascaris described previously was found that the type 
response varies with the intensity the stimulus and with the presence 
absence the cuticle. the present experiments was shown that the 
response varies with the temperature the medium. The sequence responses 
followed the temperature the medium falls (relaxation, response, and, 
finally, contraction) the same that which was shown Ascaris 
muscle preparation response cathodal stimulation the intensity the 
stimulus decreased zero. (No similar reversal response with change 
the intensity cathodal stimulation was observed the experiments with 
Phocanema.) the experiments with Ascaris was found that low intensity 
cathodal stimulus elicits contraction response the muscle. the intensity 
the stimulus increased, certain point the preparation ceases re- 
spond; the intensity raised above this level the preparation relaxes 
response cathodal stimulation. 

the discussion the experiment Ascaris two alternative explanations 
the reversal response cathodal stimulation with increasing intensity 
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stimulus were offered. The choice alternatives. depended which 
electrode was considered the stimulating electrode. If, Biilbring (3) 
assumed, the preparation stimulated low resistance contact with the 
distant electrode, then the reversal response could explained the follow- 
ing way. low intensities stimulation, the cells immediately below the 
cathode (which touched the preparation) respond contracting, the polari- 
zation due the distant electrode (the anode) being insufficient reach the 
threshold response. higher intensity stimulation the response the 
cells immediately below the cathode would masked the response (re- 
laxation) the rest the preparation elicited the distal anode. One 
virtue this theory that depolarization (at the cathode) results con- 
traction, and hyperpolarization (at the anode) results relaxation. This 
accordance with observations the response stimulation other animals. 

The alternative explanation assumes that the electrode touching the prep- 
aration the stimulating electrode. this case was suggested (2) that 
the relaxation response high intensity cathodal stimulus the resultant 
two responses, due the simultaneous stimulation two different effector 
systems the muscle cell. One these effector systems responsible for the 
contraction the cell. This has low threshold excitation and low 
intensities stimulation the only response elicited. The other effector 
system brought into action stimuli passing along the motor 
nerve, causing relaxation the muscle cell. This has slightly higher threshold 
excitation. 

How the observations the effect low temperature the response 
Phocanema cathodal stimulation fit with these two theories? One effect 
lowering the temperature will raise the threshold excitation. 
the temperature the medium lowered, the response cathodal stimulus 
changes some cases from relaxation contraction. This result could 


explained either the alternative hypotheses outlined above. the. 


distal electrode the stimulating electrode (in this case the anode) then 
the explanation might that low temperatures the threshold response 
the preparation the polarization due the anode raised such level 
that there response, and only the cells immediately below the cathode 
touching the preparation respond contracting. the other hand, the 
stimulating electrode the one which touched the preparation, then the 
explanation could that the threshold the relaxation response (which 
normally masks the contraction) raised level where only one effector 
system stimulated and the only response contraction (due the stimu- 
lation the muscle cell itself). 

not possible decide, the basis the results described here, which 
(if either) these two alternatives the correct one. However, some further 
observations the response Phocanema electrical stimulation suggest 
that the distal electrode the stimulating one. this experiment (which 
not described elsewhere) the worm was enclosed glass capillary tube 
which was closed one end. One electrode was placed the open end the 
tube; the other, the experiment described above, was placed far away 
from the preparation possible. The worm was thus insulated the glass 
tube from the field the distant electrode. Under these conditions the worm 
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responded before electrical stimulation, suggesting that the muscle cells 
are not stimulated the field due the distant electrode, but the elec- 
trode which touches the preparation. This also suggested another experi- 
ment which the worm was placed glass capillary tube, open both ends, 
with one electrode each end the worm. When the stimulating current was 
switched on, the worm contracted the region the anode and relaxed 
the region the cathode. seems unlikely that stimulation was due the 
distant electrode, and therefore the second alternative the more probable 
one. 

For each preparation, rhythmical movements and the response cathodal 
stimulation (relaxation) are not necessarily blocked the same temperature. 
This suggests that these two types movement are the result two independ- 
ent processes, although they may carried out the same effector system. 
The two independent movements might occur one case when the muscle 
cell stimulated through its motor nerve pathway (which could excitatory 
inhibitory) and the other case when the muscle cell stimulated directly. 

Thus, relaxation, possibly under nervous control, not integral part 
spontaneous rhythmical activity, since the two can blocked independently 
each other. Relaxation response cathodal polarization has not been 
recorded from animals other phyla. seems reasonable suppose that this 
reponse has some functional significance the worm, although impossible 
the moment say what this might be. 
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SCHISTOSOME CERCARIA ONTARIO! 


Bourns? 


Abstract 


Cercariae Schistosomatium douthitti (Cort, 1914) Price, 1931 have been 
obtained from 2474 Lymnaea stagnalis appressa Say and Lymnaea palustris 
elodes Say collected from nine locations central and western Ontario from 
1957 1960. This believed the first published record the occurrence 
Canada this schistosome dermatitis-producing parasite. second schistosome, 
ocellata (LaValette, 1855) Brumpt, 1931, was found Lymnaea 
stagnalis appressa Say from two locations. 


Introduction 


Collections aquatic snails have been made central and western Ontario 
from 1957 1960 for the purpose discovering the extent which schisto- 
some cercariae occur. Two species, Schistosomatium douthitti (Cort, 1914) 
Price, 1931, and ocellata (LaValette, 1855) Brumpt, 1931 
(Cercaria elvae), have been obtained. This paper deals primarily with the 


former. 
Methods 


Snails collected the field were transported large plastic pails. Each 
container was wrapped wet burlap with the result that evaporation from the 
surface-covering kept the contents cool the same manner does canvas 
water bag. the laboratory, snails were separated groups three 
jars containing pond water depth inches. Each morning and evening 
the jars were examined under the microscope for the presence 
cercariae. The cercariae douthitti are easily seen, when present, their 
characteristic position the surface film the water. Separation individual 
snails from jars containing cercariae made possible the subsequent identi- 
fication the infected individuals. Before being declared negative, after 
weeks’ observation, some snails were crushed and examined microscopically. 
Snails not treated were kept alive for the purpose establishing colony. 
These individuals were examined periodically over several months. case 
did subsequent examination reveal infection not detected within the first week. 


Results 


Snail collections have been made the area bounded Rondeau Park 
the southwest, Kingston the southeast, Westport the northeast, and 
Huntsville the northwest. Only two species snail, Lymnaea stagnalis 
appressa Say, and Lymnaea palustris elodes Say were found infected 


schistosome trematodes. 
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Table shows the total incidence douthitti infection lymnaeid snails 
from each nine collecting sites. Only those locations which some time 
yielded douthitti infected snails are included. Ninety-two, 3.7%, the 
2474 snails from these collecting sites were found infected. all cases 
except two the infected snail species was stagnalis. Newcastle, only 
palustris was found. Rondeau, although both species were present, 
the only infected individuals found were palustris. Cercaria elvae (Tricho- 
bilharzia ocellata) was found stagnalis from Crosby and from the Aux 
Sable River the Pinery Provincial Park. 

Table shows the seasonal distribution douthitti infection snails 
areas where the parasite has been known occur. Snail populations appeared 
densest during June and July, while the incidence parasitaemia 
snails increased until August, after which levelled off 6%. The high 
incidence indicated for October collections probably insignificant, being 
based upon small sample. 


TABLE 


Incidence douthitti infection lymnaeid snails collected from sites yielding 
infected snails 


Site No. collected No. infected infected 


Chaffey’s Locks 328 6.4 
Crosby 699 (L.s.) 6.9 
Cameron Lake 2.9 
Glen Arm 626 
Reaboro 203 3.9 
Newcastle 100 1.0 
Rondeau Park (L.s.) 
(L.p.) 5.4 
Peterboro 400 (L.s.) 0.25 
2474 


stagnalis appressa Say. 
tLymnacea palustris elodes Say. 


TABLE 
Seasonal incidence douthitti infection snails from sites yielding infected snails 


Month No. collected No. infected infected 
May 

June 1025 1.6 
July 561 3.2 
Aug. 142 5.6 
Sept. 150 
Oct. 

Nov. 539 

Discussion 


douthitti broadly distributed across the north central and northeastern 
United States, having been recorded from Minnesota (8), Wisconsin (2), 
Illinois (4), Michigan (5), and possibly Massachusetts (10), pathlo- 
copticum synonym suggested Penner (9). 
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However, the writer’s knowledge, this paper constitutes the first published 
record occurrence Canada preliminary report having 
been given the author the 12th Technical Session the Advisory 
Committee Fisheries and Wildlife Research the Ontario Research 
Foundation, Toronto, February 28, 1958. 

view the almost universal North American distribution (3) muskrat 
(Ondatra and meadowmice (Microtus pennsylvanicus), the natural 
definitive hosts, and the distribution stagnalis appressa and 
palustris elodes over the greater part North America north 38° lat. (1), 
and the lack specificity for hosts recorded the works cited above, 
seems likely that further collections will show the distribution this parasite 
even broader than now recognized. 

The occurrence douthitti interest because cercariae this species 
are known capable causing schistosome dermatitis (6). this con- 
nection, however, douthitti less importance than the several avian 
schistosomes whose cercariae have been implicated causative agents 
The reason for this that the snail species which 
douthitti usually found characteristically inhabit swampy areas where wading 
swimming would unlikely occur. Among the Ontario locations where 
douthitti has been found, only the Cameron Lake site swimming area. 
interesting that schistosome dermatitis has been reported from this lake 
(Dr. Stanley, personal communication). Several the other locations, 
however, might offer opportunity for the contraction schistosome dermatitis 
fishermen youths frog-collecting expeditions. 

Additional interest douthitti stems from the fact that this species may 
readily cultured through its life cycle the laboratory using hamsters 
mice vertebrate hosts (7). culture this species maintained our 
laboratory for class use and for experimental work. 
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THE EFFECTS TEMPERATURE THE SURVIVAL AND 
DEVELOPMENT THE FREE-LIVING STAGES 
TRICHOSTRONGYLUS RETORTAEFORMIS ZEDER (NEMATODA)! 


Gupta? 


Abstract 


The effects temperature the survival and development the free-living 
stages Trichostrongylus retortaeformis have been studied using agar cultures 
inoculated with pure cultures Escherichia coli. The ova hatched and infective 
larvae developed temperatures ranging from 30° but 35° was lethal 
hours. The time development the larvae the infective stage was 
inversely the ambient temperature between the limits 10° 
and 30°C. The longevity water third-stage larvae previously cultured 


Introduction 


Trichostrongylus retortaeformis (Zeder, 1800), adult, parasite the 
small intestine the European rabbit (Oryctolagus cuniculus). Its life cycle 
consists parasitic stage which the worm lives the small intestine 
its host, and free-living stage which eggs passed the faeces hatch the 
open and the larvae develop the infective stage. During the free-living stage 
the larvae feed actively, grow size, and are subject the normal exigencies 
free-living organisms, including fluctuations temperature, moisture, and 
availability oxygen. 

While some studies the effect temperature the development from 
the egg the infective stage this nematode have been made (1, 9), 
all have been carried out with larvae faecal cultures. This permitted the 
introduction variable conditions which prevented accurate comparison 
the results obtained these workers. Accordingly, was considered desir- 
able study the effects temperature free-living stages retortaeformis 
using agar culture methods. McCoy (4, using agar cultures, studied the 
effect temperature the development free-living stages Ancylostoma 
caninum, and found that under favorable conditions, with bacteria their 
sole source food, 90% the larvae reached the infective stage. Gibbs and 
Gibbs (3) made similar studies, also using agar cultures, but the free-living 
stages Dochmoides stenocephala. They agreed with McCoy that this method 
provides more reproducible results the effect temperature the develop- 
ment free-living larvae than had previous methods. 


Materials and Methods 


Pure infections retortaeformis were established rabbits the 
administration 1000 2000 infective larvae. Fresh faecal pellets, collected 
within half-hour passage, provided the eggs used these experiments. 
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The faeces were broken cold tap water, sifted through sieve, sedimented 
for minutes refrigerator, the supernatant poured off, more water added, 
and the process repeated until the supernatant became clear. Eggs were 
collected flotation saturated sugar solution, washed with 11.5% 
chlorine solution (“‘Javex’’) for minutes refrigerator, and then washed 
three times cold, sterile, distilled water. While being sterilized and washed, 
ova were kept sterile centrifuge tube which was closed with cotton 
plug. Care was taken throughout see that all solutions used were tem- 
peratures higher than 

modification the agar medium used Gibbs and Gibbs (3) was pre- 
pared from 28.8 nutrient agar (Difco), 2.4 nutrient broth base (Difco), and 
2400 distilled water. Then, this medium were poured into each 
number 250-ml Erlenmeyer flasks, autoclaved for minutes, and incubated 
37° for hours. The flasks were then inoculated with 24-hour nutrient 
broth suspensions pure cultures Escherichia coli. After incubation for 
hours, suspension ova was added each flask, and the flasks placed 
40° Simultaneously, petri dishes each containing 200 250 ova 
water were held temperatures ranging from 40° Control samples 
were held 24° 25° The time hatching the ova each flask was 
recorded when was seen that about 50% the ova had hatched. The rela- 
tively small number eggs facilitated both counting and close observation 
all the eggs flask. 

estimate the rate larval development, individual cultures were removed 
from the incubators specific intervals. After removal, water was 
added each culture, and four portions, each 0.5 size, the decanted 
liquid examined and both dead and living larvae counted. Twenty-five living 
larvae were then killed gentle heating and measured. Each experiment 
was repeated three times under similar conditions. 


Results 


Table and Fig. show the time taken for the eggs hatch temperatures 
ranging from 35° and for the larvae reach the infective stage 

TABLE 
Rate development and size larvae cultured various temperatures 


Time (hr) 


Time required for Length 
required Size hatched larvae infective 
for larvae reach: larvae (mm) infective 
Temp. eggs hatching larvae 

hatch (hr) (mm) stage infective stage Av. Max. 
0.39 186-192 304( 302) 0.61 0.64 
35- 38( 37) 0.38 52- 96( 85) 0.62 0.66 
21- 23( 22) 0.36 68- 73( 72) 0.64 0.68 
21( 19) 0.41 65( 63) 0.61 0.64 


GUPTA: TRICHOSTRONGYLUS RETORTAEFORMIS 
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Fic. Times hatching ova (left-hand curve) and time taken reach infective 
stage (right-hand curve) different temperatures. 
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Fic. Growth larvae different temperatures agar cultures coli. The 
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addition the length time taken the larvae become infective, 
their growth the different temperatures was also studied; this depicted 
Fig. 

Development was the lowest temperature which the larvae 
developed the infective stage. About 30% the ova hatched after 232 
hours. The young larvae averaged 0.36 length shortly after hatching 
but were very sluggish. They grew slowly and 312 hours averaged 0.39 
length. After 570 hours, the average length was 0.49 mm, and after 1618 
hours, some were long 0.59 mm, and few had become infective. The 
largest specimen measured 0.6 long, and the average length the infective 
larvae was slightly less than other temperatures. the end weeks more 
than 60% the ova were unhatched and few dead larvae were found this 
temperature. Only 11% reached the infective stage. 

Development 10° C.—About 25% the ova had hatched after 124 hours 
and reached the infective stage after 297 hours. Shortly after hatching, larvae 
averaged 0.39 length, were very sluggish, and did not grow appreciably. 
After 189 hours, the first-stage larvae averaged 0.49 length. this 
temperature the largest specimen measured 0.64 while the average size 
was 0.61 mm—approximately the same size that the cultures maintained 
15° Only eight larvae had reached the infective stage 297 hours, most 
becoming infective between 297 and 304 hours. Development was slow but 
375 hours, 45% the larvae had reached the infective stage. few larvae 
were viable and active, and very few were dead. 10° the rate develop- 
ment was much slower than higher temperatures. 

Development 15° this temperature about 40% the larvae had 
hatched hours, and 55% hours; the others did not hatch all. 
The newly hatched larvae had average size 0.39 (slightly larger than 
those hatched 20° C), but averaged 0.48 136 hours. this tempera- 
ture very few larvae died, but development was slow. Some 45% the larvae 
had reached the infective stage after 204 hours and were 0.62 length, 
but most took 208 hours and measured 0.61 length. 

Development 20° C.—Few ova had hatched hours but most had 
hours. Shortly after hatching, the larvae were 0.38 average length 
(slightly larger than hours the first-stage larvae averaged 
0.49 long, and hours, few had reached the infective stage and were 
0.60 long; total 55% became infective hours, measuring 0.62 
length. The largest specimen measured 0.66 (slightly less than 25° C). 
Some the larvae started dying hours and most were dead within 
days. 

Development 25° few larvae had hatched hours but most 
required hours. Shortly after hatching they averaged 0.36 length 
(slightly less than other temperatures). hours the first-stage larvae 
averaged 0.48 length. They grew rapidly and some became infective 
hours (with average size 0.64 mm), but most required hours, 
when they were 0.63 long. The maximum length attained was 0.68 
(slightly larger than other temperatures). Sixty per cent reached the infective 


stage. 
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Development 30° rate growth was much faster this tempera- 
ture than 25°C but about the same proportion larvae reached the 
infective stage. Eggs developed very rapidly and most hatched from 
hours. The larvae were, average, 0.41 long shortly after hatching 
(slightly larger than other temperatures). First-stage larvae averaged 0.47 
long hours. from hours, 38% the larvae had reached the 
infective stage, the larvae measuring 0.59 length, with max mum 
length 0.62 mm. The average length 0.61 was slightly greater 
30° than but smaller than other temperatures. However, 60% 
the larvae reached the infective stage. 

Development 35° more than half the larvae had hatched after 
hours, none survived more than hours, and none became infective. The 
average length the newly hatched larvae was 0.37 but few were 0.4 


long. 
Discussion 


From these experiments, different temperatures but under otherwise 
comparable conditions, can concluded that, while eggs will hatch and 
larvae develop temperatures from 30° the rate hatching and 
growth increases with temperatures 30°C (higher temperatures are 
lethal). The time development decreases with temperatures 30° 
slightly longer 20° than 25° but considerably 15° and 
lower. The differences between 20° and 30° are slight point 
the most favorable temperature being that neighborhood. However, both 
the average and the maximum sizes the infective larvae are greater 25° 
but only slightly more than 20° and 30° The percentage survival 
the infective stage greatest 20° and 30° and only slightly less 
25° (which may the result accident). 

From these results, would seem that the optimum temperature develop- 
ment the infective stage was between 20° and 30° withaslight preference 
for 25° nature, however, the larvae have survive, without further 
development, until eaten the host. Accordingly, test survival ability, 
second set experiments was conducted. each, 100 infective larvae which 
had been cultured association with coli 20°C, 25°C, and 30°C, 
respectively, were placed series petri dishes distilled water. plate 
each the three series was held the constant temperature 
counted regular intervals and the pertinent results are shown Table 
and Fig. 

The higher temperatures were found quickly lethal, the larvae, 
many cases, exsheathing before they died. general, all holding tempera- 
tures larvae cultivated 20° have greater vitality than those cultivated 
and 15° larvae all three series was slight, although those cultivated 
20° proved slightly more viable than those cultivated 30°C. 
Infective larvae have, course, stopped feeding the conclusion the second 
molt and their free life thereafter depends the food stored their bodies. 
Naturally, the lower the temperatures, the less the activity and the longer the 
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TABLE 
Summary death rates different holding temperatures 
Deaths Not significant 80% deaths 100% deaths 
Feeding 
temp. 
Holding 
temp. (°C) 
Months 
Days 
20° 114 201 166 161 
110 101 101 150 143 133 


PERCENTAGE DEATHS 
] 


w 


MONTHS 


Fic. The curves show the approximate death rate larvae, cultivated and fed 
coli 20°C, which have been exposed different temperatures reaching the 
infective stage. 
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life. There was significant mortality under about months 

larvae grown 20° months 25° and about months those grown 

30° However, 10° and 15° holding temperatures, this period was 
shortened and deaths began several months earlier (Table II). all cases, 

however, deaths were rapid thereafter. Eighty per cent were dead within 

year and all months 10° and 15° these periods were 

shortened and all were dead months. 

However, these differences are not great and can concluded that while 
temperatures between 5°C and 15°C are well within the range for good 
survival water, the best survival seen larvae fed and grown about 
20° but maintained thereafter the lower temperature. Larvae 
held higher temperatures had shorter lives, but here again the advantage 
seemed lie those fed and grown 20° although the difference between 
larvae grown 20° and those grown 25° was slight. Deaths were more 
gradual both lots maintained the 20° holding temperature but larvae 
fed 20° lived longer than those fed 30° While this was also the case 
25° the differences were less. Duration life holding temperature 
30° was about third that seen 20° all three lots, and 35° 
was about one-sixth. Survival rate 40° was very poor. 

From these data would seem that the optimal developmental temperature 
for subsequent survival nearer 20° than 25° for higher temperatures 
well lower ones. 

The most favorable circumstances maintain infection rabbits, 
provided other conditions were equal, would when eggs were deposited when 
the microclimate temperature was about 20° slightly higher (about 70° 
but which fell after the larvae had reached the infective stage 10° 
slightly less (about 50° F). 

References 

Crorron, The ecology immature phases trichostrongyle nematodes. The 
vertical distribution infective larvae Trichostrongylus retortaeformis relation 
their habitat. Parasitology, (1948). 

Crorton, The ecology immature phases trichostrongyle nematodes. II. The 
effect climatic factors the availability the infective larvae Trichostrongylus 
retortaeformis the host. Parasitology, 39, 26-38 (1948). 


living stages Dochmoides stenocephala (Railliet, 1884) Nematoda). 
Can. Zool. 37, (1959). 

McCoy, The growth hookworm larvae pure cultures bacteria. Science, n.s. 
69, 74-75 (1929). 

McCoy, The suitability various bacteria food for hookworm larvae. Am. Hyg. 
10, (1929). 

McCoy, The influence temperature, hydrogen-ion concentration, and oxygen 
tension the development the eggs and larvae the dog hookworm, Ancylostoma 
caninum. Am. Hyg. 11, 413-448 (1930). 

The ecology the free-living stages rabbit trichostrongyles. Unpublished 
M.Sc. Thesis, McGill University, Montreal, Que. 

Studies the micro-environment the free-living stages nematodes. 
Unpublished Ph.D. Thesis, McGill University, Montreal, Que. 

The effects temperature and humidity the free-living stages 
Trichostrongylus retortaeformis. Can. Zool. 37, 305-316 (1959). 


j 
| 
; 
| | 
| | 
| 
t 
i 
| 
{ 
| 
q 


i 
3 
! 
t 
3 


HELMINTH PARASITES REPTILES, BIRDS, AND MAMMALS 
EGYPT 


VI. DENTOSTOMELLA KUNTZI SP., NEW OXYURID NEMATODE 
FROM ACOMYS 


MYERS 


Abstract 


new oxyurid nematode, Dentostomella kuntzi described from Acomys spp. 
from Egypt. 


The nematode described this paper one collection helminths 
from parasite survey made Egypt Dr. Robert Kuntz from 1948 
1953. 


Dentostomella kuntzi sp. 


both sexes, the cephalic cuticle inflated and transversely striated; 
broken longitudinal markings are present each sector. There are lips 
but small mouth capsule present. The mouth opening round. There are 
four prominent papillae and two amphids the external circle and six papillae 
the internal circle (Figs. 2). 

the anterior edge the oesophagus each sector armed with three 
teeth, the middle tooth being the largest. The oesophagus short and thick 
with slight constriction the level the nerve ring which divides the 
oesophagus into two parts, the posterior part being bulbular but without 
any armament (Fig. 2). The oesophagus joined the intestine 
valve. 

The excretory system the typical oxyurid type with large excretory 
sinus opening approximately 1.8 2.4 from the anterior end. 

The females measure 10.3 15.6 length and 0.3 0.4 
maximum width. The oesophagus 0.22 0.44 long. The vulva 
situated distance 6.0 7.2 from the anterior end; opens into 
thick-walled, muscular, anteriorly directed vagina vera (Fig. 3); this con- 
tinued the posteriorly directed vagina uterina, which proceeds long 
unpaired egg chamber becoming filled with eggs. The eggs are asymmetrical 
and measure 0.12 0.13 length 0.03 0.04 width. From 
the egg chamber arise two uteri which fill the posterior region the body 
within approximately 1.2 from the tail. Most the eggs are confined 
the region posterior the vulva. The region anterior the vulva filled 
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Fics. 1-6. Dentostomella 
Fic. face view the female. 


Fic. Cephalic region the female. 

Fic. Lateral view the vulva and vaginal region the female. 
Fic. Tail the female. 

Fic. Ventral view the tail the male. 

Fic. Papillae the male tail. 


with the ovarian tubules, which extend within approximately 1.2 the 
cephalic end. Only young females are the seminal vesicles visible, one 
which anterior and the other posterior the vulva (Fig. 3). The anus 
0.83 0.85 from the posterior end, and the tail terminates rounded 
tip (Fig. 4). 

The males measure 9.0 11.8 length and 0.13 0.15 maxi- 
mum width. The tail the male the form fleshy bursa which termi- 
nates before the end the body. The bursa without supporting rays but its 
surface transversely striated giving rugose appearance. There are one 
pair preanal papillae, pair large adanal papillae, and immediately 
posterior the cloaca, single papilla and two pairs postanal papillae; 
all the papillae except the second pair postanal papillae are grouped 
around the cloaca raised protuberances. The spicule weakly sclerotic 
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and 0.18 0.19 length; its proximal end rounded and the distal 
end hooked (Figs. 

Hosts: Acomys cahirinus, Acomys russatus. 

Type host: Acomys russatus. 

Location: Large intestine. 

Type locality: Egypt. 

Holotype male: No. 56804, United States Museum Collection. 

Allotype female: No. 56804, United States Museum Collection. 

Paratypes: Parasite collection, Institute Parasitology, Macdonald College, 

Que., Canada. 


Discussion 


The type and only species the genus Dentostomella translucida 
Schulz and Krepkogorskaja, 1932, from Rhombomys collected Kasakstan, 
Middle Asia. Dentostomella kuntzi sp. differs from this species total size, 
and the presence marked cephalic inflation and only three teeth 
each the oesophageal sectors; the male, the bursa composed 
single lobe which terminates slightly posterior the last pair postanal 
papillae and all, with the exception the last pair postanal papillae, 
are found raised protuberances; the spicule terminates hook. Because 
these differences this described new species named honor 
Dr. Robert Kuntz. 
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RECORDS DECAPOD CRUSTACEA FROM BRITISH COLUMBIA! 
BUTLER 


Abstract 


Axiopsis spinulicauda was taken Holberg Inlet and Barkley Sound 
fathoms, and new record for British Columbia. The typically oceanic 
Eualus macrophthalmus was taken Howe Sound fathoms and 
Lopholithodes foraminatus localities north Hecate Strait. Cancer gracilis 
was found deeper water (74 fathoms) than heretofore and magister, 


Exploratory fishing conducted the Fisheries Research Board’s Biological 
Station Nanaimo 1954, 1955, and 1959 has contributed the knowledge 
the decapod crustacean fauna the west coast North America. Shrimp 
trawl tows were made the station’s vessel No. and the 
chartered trawlers, Yuri and Glendale Two species were collected 
the commercial shrimpers, Seven Seas and Dodie 1949 and 1959. 
all, the ranges five species have been extended. The distribution lists 
Rathbun (5), Schmitt (7), and Hart (1) have been consulted. 

Specimens Eualus macrophthalmus and Axiopsis spinulicauda are the 
National Museum, Ottawa. 


Family HIPPOLYTIDAE 
Eualus macrophthalmus (Rathbun) 


Range.—Unalaska Point Sur, California, 636 fathoms. 

Present Britannia Beach, Howe Sound, fathoms 
June 1949; nine 53-65 length from tip rostum end telson. 

Remarks.—The species was described Rathbun (4) 
macrophthalma, and later Holthuis (2) his revision placed 
Previously macrophthalmus had been taken only from the archibenthic 
zone, 178 fathoms and deeper. This occurrence coastal inlet 
fathoms extends its range considerably. The present specimens represent 
second British Columbia record; the first was the 1888, about 
miles northwest Cape Scott, Vancouver Island, 204 fathoms. 


Family LITHODIDAE 
Lopholithodes foraminatus (Stimpson) 


Range.—Hecate Strait, British Columbia, San Diego, California. 

Present collection—From Esteban Point Cox Island, west coast 
Vancouver Island, fathoms, four localities, June July 1955. 
Smith Sound, fathoms August 1955. North Banks Island, 
Hecate Strait, fathoms, July 25, 1959; carapace widths five 
and three 101-132 mm. 
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Remarks.—Hart (1) reported the northern limit this species Clayoquot 
Sound and Nanoose Bay, Vancouver Island. The known range now extended 
northward approximately 300 miles. 


Family AXIIDAE 
Axiopsis spinulicauda (Rathbun) 


Range.—Holberg Inlet, British Columbia Bodega Head, California, 
140 fathoms. 

Present Inlet, fathoms, July 18, 1954; one 
female. Barkley Sound, fathoms, February 10, 1960; one female. 
Through the kind permission Dr. Belle Stevens, two records from Puget 
Sound are included: Rolling Bay 100 140 fathoms, July 10, 1940, ovigerous 
female; Great Bend off Potlatch, Hood Canal, fathoms, July 1932. 

Remarks.—This species recorded from British Columbia for the first 
time. The holotype, female, was taken the Albatross off Bodega Head, 
California, fathoms, March 28, 1890, and described Rathbun (4) 
Axius spinulicauda. Later Schmitt (7) considered that belonged the genus 
Axiopsis. The present specimens correspond closely Rathbun’s description. 
Slight differences are follows: branchial groove carapace almost 
deep cervical groove; the right and left margins the rostrum have five 


TABLE 


Axiopsis Lengths and armature segments chelipeds 


Lengths (mm) 
Holberg 


Inlet Sound 

Right Ischium 3.4 6.3 One two conspicuous spines distal half 
(large) lower margin 

Merus 9.3 13.6 Four five conspicuous spines, evenly spaced 

lower margin 
Carpus Seven spines along lower margin 
Manus 19.0 Upper margin with spines insertion 


dactylus; lower margin with spines, 
some curved towards outer face manus 


Propodus 11.5 Upper edge curved with two subequal teeth 
proximal half and small spine near tip 
Dactylus 9.7 Eleven spines along upper margin; 


longitudinal ridge along outer margin; lower 
edge curved and smooth, except large blunt 
tooth near insertion 


Left Ischium 6.9 One two conspicuous spines lower edge 
(small) Merus 8.9 13.4 Two spines, distal end upper margin; four 
seven spines evenly spaced lower margin 
Carpus 3.5 6.0 with blunt spines (larger specimen 
only 
Manus 6.0 13.6 Upper edge with 12-20 spines, increasing size 
towards insertion dactylus; lower edge with 
21-22 spines 
Propodus 4.5 12.0 Upper edge with 24-38 spines; spines lower 
edge continuation series manus 
Dactylus 7.0 14.6 Upper edge with 9-11 spines; lower edge with 


38-47 spines 
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Fics. and Axiopsis Fig. Outer face right (large) cheliped. 
Fig. Inner face left (small) cheliped. 


and four seven spines, respectively; spines are lacking the outer carinae 
the exopods the uropods the smaller female. Figure photograph 
the specimen from Barkley Sound which had most the pereiopods broken 
off when caught. The holotype lacked the first pair pereiopods. Fortunately, 
the present specimens have these, which are chelate and unequal. Lengths 
and armature segments the chelipeds are given Table Line drawings 
the chelipeds the Holberg Inlet specimen are shown (Figs. and 2). 
The chelipeds are heavily bristled, especially the dactyli and propodi; 
not all bristles are shown Measurements: length carapace, 
including rostrum, and mm; rostrum 4.6 and mm; abdomen and 
mm. 

Family CANCRIDAE 

Cancer gracilis Dana 

Range.—Prince Wales Island, Alaska, Playa Maria Bay, Lower Cali- 
fornia, shallow water fathoms. 

Present Channel, west coast Vancouver Island, 

Remarks.—Previously gracilis had been reported depth fathoms. 
Two large male specimens from Nuchatlitz Inlet, Vancouver Island, taken 
width. 


Cancer magister Dana 
Range.—Unalaska Monterey Bay, California, intertidal zone 
fathoms. 
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Present four localities from Clayoquot Sound Quatsino 
Sound, Vancouver Island, depths between and fathoms, June 
28, 1954. Queens Sound, fathoms, July 31, 1955; two and mm. 

Remarks.—Rathbun (6) reported that magister ranged depth 
fathoms. Phillips (3) recorded fathoms, but this reference seems 
have been missed more recent authors. 
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PARASITES FROM NORTHERN CANADA 
ENTOZOA FORT CHIMO ESKIMOS! 


MARSHALL LAIRD AND EUGENE MEEROVITCH 


Abstract 


examination faecal concentrates from subjects, representing all age 
groups, revealed that 46% harbored entozoa one more species. Twenty- 
eight per cent were positive for Diphyllobothrium sp., 26% for Entamoeba 
11% for Giardia lamblia, for Chilomastix new record for the Can- 
adian subarctic), and for Endolimax nana. The 9-year age group 
exhibited the highest incidence and greatest variety parasites. Comprising 
only 22% the total, accounted for 47% the species records. 


Introduction 


Insufficient known the intestinal parasites Canadian Eskimos. 
Accordingly, when Fort Chimo (58° 09’ N., 68° 18’ W.) was visited during field 
work Ungava Bay the spring 1959, materials for the sampling these 
organisms were left with the nurse-in-charge the infirmary the Indian 
and Northern Health Service. The specimens collected, which form the subject 
this paper, were thoroughly searched during this Institute’s refresher 
courses for laboratory technicians 1959 and 1960. 


Materials and Methods 


Stools were obtained from Eskimos, aliquots about twice the size 
pea being mixed with MIFG 
solution (9) 2.5 clear plastic tubes, the polyethylene stoppers 
which were secured with cellulose tape for shipment. Some tubes crazed 
through the action the liquid, especially prolonged storage, for which 
best transfer the contents glass vials. With this reservation, the 
technique recommended for preserving and transporting such collections 
field trips where space and weight are premium. Protozoan cysts and 
helminth eggs remained clearly identifiable months after collection, when 
the last the examinations were completed following sedi- 
mentation (8). 

Cellulose tape attached microscope slide was employed searching 
for pinworm eggs, the sticky side being pressed against the perianal skin 
and reflected the slide for examination with field microscope. 


Results and Discussion 


Sixteen Eskimos aged from few months years, and one 5-year-old 
(also six European children within the same age range) were each examined for 
pinworm once only. None them yielded any Enterobius eggs. Apart from the 
fact that several examinations successive days are prerequisite negative 

1Manuscript received November 16, 1960. 


Contribution from the Institute Parasitology, McGill University, Macdonald College 
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diagnosis, unfortunate that the pinworm search was limited preschool 
children, mostly babies and toddlers, among whom this parasite generally 
rare even areas high incidence. random fingernail sampling the 
Northwest Territories long ago showed that vermicularis widespread 
among Canadian Eskimos (7), but areas subsequently shown have 
incidence 30% (1) and 33% (2) respectively, eggs were found swabs 
from children below years age. The negative result therefore has little 
significance. 

Percentage incidences shown Table are corrected the nearest whole 
number, are those other authors based similarly small numbers 
subjects and quoted herein. One quadruple infection (Chilomastix mesnili, 
Giardia lamblia, Entamoeba coli, Diphyllobothrium sp.) was recorded from 
8-year-old girl, and triple one (G. lamblia, Endolimax nana, Diphyllobothrium 
sp.) from 6-year-old girl. fact, the 9-year age group exhibited the 
highest incidence and greatest variety parasites, evident from Table 
Not only did 80% its representatives yield entozoa, but, although com- 
prised only 22% the total sample, accounted for 47% the species records. 
the six double infections noted, five were coli and Diphyllobothrium 
sp. and the other lamblia and coli. Significantly, both the multiple 
infections, three the double ones, and four the five lamblia records 
concerned only the families sampled. The data are inadequate for 
comparison parasite incidences males and females. 

Individuals harboring one more species entozoa comprised 46% the 
total, compared with 11% for Indians Fort Chipewyan (58° 43’ N., 
W.), Alberta (10), and 35% for Eskimos Southampton Island, 
N.W.T., just south the arctic circle (2). Like the present figures, the Fort 
Chipewyan ones not include Enterobius, but the Southampton Island 
ones do. southwestern Alaska, many 77% the Eskimos may carry 
one more species intestinal parasites (5). 

The prominence Diphyllobothrium sp. (28%) and coli usual for 
North American Eskimos, the incidence the former organism having been 
recorded 35% approximately 61° Alaska (5), 33% Igloolik 
(69° 23’ N., 81° 48’ W.), N.W.T. (1), and 29% Southampton Island (2). 
earlier record (13) from Fort Chimo Eskimo uncertain status, the 
man concerned having been examined while hospitalized Quebec City 
following some time spent the Lake St. John area. Data are not available 
the wanderings those found positive for the cestode the present study, 
but from its occurrence children and the close correspondence the Fort 
Chimo figures with the other northern ones quoted there are grounds for 
doubting that infections with Diphyllobothrium sp. are acquired southern 
Ungava Bay.* 

The incidence coli (26%) Fort Chimo far exceeds that Igloolik 
(8%) and Southampton Island (3%), comparable with that Fort Chipe- 
wyan Indians (22%) (10), but only half that southwest Alaskan Eskimos 
(5, 6). The lamblia figure (11%) approaches that for this species Fort 

77% incidence for diphyllobothriasis, more than twice that previously reported from any 


North American Eskimo community, was recently recorded from the Hudson Bay coast 
Quebec Ivan Arh (Can. Public Health, 51, 268-271 (1960)). 
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Chipewyan (14%), and the incidence this flagellate seems higher than 
usual for Eskimos. Hitchcock (6) gives rate incidence the Bethel 
area Alaska (whereas Fournelle al. (5) subsequently recorded one 6%), 
and the Igloolik (1) and Southampton Island (2) rates are and 
respectively. Perhaps these differences are more apparent than real and are 
attributable the higher efficiency the MIFG concentration technique, 
which was employed Fournelle alone among the authors quoted. 

Endolimax nana (2%) not known from Southampton Island, and was 
listed from only the inhabitants examined Igloolik and Fort Chipe- 
wyan. Its incidence appears far higher the west, for has been recorded 
from 39% Alaskan Eskimo group (5), among whom stood second 
incidence coli and little ahead Diphyllobothrium sp. Two other 
amoebae, Entamoeba histolytica and Iodamoeba that are found 
rather small percentages those examined Alaska (5, and Fort Chipe- 
wyan (10), and the non-encysting Dientamoeba fragilis, which cannot, 
course, identified from preserved samples, but which was recorded from 
140 fresh preparations examined the latter locality, are yet unknown 
among Canadian Eskimos. are ascarid nematodes, although undetermined 
examples these were listed the Alaskan investigations referred to. 

Fort Chimo, single infection with Chilomastix mesnili—not previously 
reported from the Canadian north—was noted from one the groups 
Alaskan Eskimos (5). 

The scantiness our knowledge human intestinal parasites the 
Canadian arctic and subarctic only too evident from these data, the 
need for early implementation Wolfgang’s (13) suggestion that distributional 
and ecological studies undertaken the northlands this country with 
ultimate control measures mind. The prospect northern development 
renders such studies still more desirable, and the techniques used this smail 
scale side-project would greatly facilitate widespread survey. Finally, 
attention has been drawn the facts that the northern Diphyllobothrium 
this continent not necessarily the widespread latum (3, 12), and that 
while human infections are presumably derived from the Arctic char (Sal- 
velinus alpinus), the Canadian Eskimo’s most important food fish (4, 13), 
source infection for the char remains unknown (13). this connection 
considerable interest that second fish tapeworm man recently described 
from northern Europe, Diphyllobothrium norvegicum (11), utilizes Cyclops 
strenuus the first intermediate host, sticklebacks necessary second 
intermediate hosts, and trout and Arctic char necessary third intermediate 
hosts and transport hosts. Two sticklebacks have been implicated, Gastero- 
steus aculeatus and Pungitius pungitius, both which are abundant Ungava 
Bay (4) where great numbers them are eaten alpinus. the light 
these findings, detailed investigations the epidemiology diphylloboth- 
riasis northern Canada might prove rewarding. 
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SWANGERIA BISEXUALIS SP. (BELONDIRIDAE: NEMATODA) 
FROM FLORIDA! 


Abstract 


second species the genus Swangeria Thorne, 1939, bisexualis sp., 
described. 


Seven female and three male specimens species Swangeria were 
encountered among the nemas recovered from soil sample collected north- 
ern Florida. These specimens appear definitely represent undescribed 
species and are herein described Swangeria bisexualis sp. 


Swangeria bisexualis sp. 


Female 7).—Length 2.21 (2.09-2.31) mm, 67.9 

Male 3).—Length 1.96 (1.91-1.98) mm, 69.3 
8.6 7.9 (7.7-8.1), 46.8 (45.2-49.2) 


Description 

Female 

Body slender, 32.5 (32-34) wide; tapering gradually anteriorly from 
(27-29) wide neck base 8.8 (8.3-10) wide head (measured 
level external circlet papillae). Posteriorly body tapering gradually 
from vulvar anal region. From anus, body narrowing rather sharply and 
drawn out into elongated, filiform tail 285 long bearing two 
caudal papillae point constriction (Fig. 6). Lateral cords narrow, incon- 
spicuous, with single line obscure pores. Amphids tulip-shaped, half wide 
the corresponding body diameter, with distinct apertures (Fig. 4). 

Lip region hemispherical, its contour not modified either the internal 
circlet labial papillae nor the external circlet cephalic papillae. 
Narrow vestibule opening into basketlike chamber containing six sclerotized 
ribs. (In toto view the refractivity the sclerotized ribs gives the 
impression such ribs. However, face view six distinct sclerotized 
ribs are conspicuous (Fig. 2).) Thick muscular band encircling pharynx poste- 
rior basketlike chamber. Spear slender, 8.4 long; with minute 
aperture. Spear extensions about one and one-half times spear length, con- 
sisting three thickened, refractive rods (Fig. 3). Slender esophagus weakly 
muscular spindle-shaped basal enlargement. Enlarged portion 96.4 
long 15.6 wide and surrounded sheath six con- 
spicuous spiral muscles. Contraction these muscles decreasing length 


1Manuscript received September 29, 1960. 
Contribution from the Nematology Section, Entomology Research Institute, Research 
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Fic. Head adult female specimen. 

Fic. face view adult female specimen showing tip spear, sclerotized ribs, 
external circlet papillae and amphids. 

Fic. Cross sections spear extensions levels corresponding Fig. 

Fic. Outline head showing position and contour amphids. 

Fic. Spicules male. 

Fic. Posterior region male specimen. 


HOPPER: SWANGERIA BISEXUALIS 


TABLE 


Esophagus 
Length nema (mm) Width length 


2.29 
1.98 
1.91 
2.28 


basal enlargement, relaxation having opposite effect. length increases 
width decreases. Table illustrates this effect. 

Cardia slender, elongated, almost cylindrical, 21.4 long 7.3 
(6.2-9.0) wide, intestine attached extreme posterior end. Intestine 
first only slightly wider than cardia but expanding after distance two 
three body diameters nearly fill body cavity. Anal body diameter 20.3 
Rectum about one and one-half times long anal body 
diameter. Prerectum length about three four times body width. Vulva 878 
from anterior extremity. Ovaries reflexed one-third two-thirds 
vulva. Numerous spermatozoa uterus. 


Male 
Body shape similar female, 28.3 wide. Head 4.2 high 


8.6 wide. Spear long, spear extensions one and one-half 
times long. Esophagus 226 long with basal enlargement 
(68-96) long 15.1 (14.5-15.5) wide. Diameter base esophagus 
Anal body diameter 19.3 (18.6-19.7) Tail length 248 (245-250) bearing 
two caudal papillae point constriction. Spicules long, arcuate 
(Fig. 5). Preanal supplementary organs, four, separated shown Table II. 


Differential Diagnosis 

Swangeria bisexualis sp. differs from the type and only other species, 
fragilis Thorne, 1939 (1), being twice long, having tulip-shaped 
amphids with distinct apertures, having the spear extension longer than the 
spear, and having pronounced constriction the body posterior the anus. 


Holotype 
Female collected author, December, 1956, collection No. 1930, Cana- 


dian National Collection Nematodes, type slide No. 


TABLE 


Distance between supplements 


Anus first 

First second 
Second third 
Third fourth 
Anus fourth 


250 
217 
250 
14.5 237 
119 280 
8.8 (7.3-10.0) 
32.4 36.2) 
21.5 
35.9 
105.3 
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Allotype 
Male, same data holotype. Canadian National Collection Nematodes, 


type slide No. 


Paratypes 
One male and one female, University California Nematode Survey 


Collection, Davis, California, and one male and four females author’s 
personal collection. 
Type Habitat, Host, and Locality 


Swampy soil around roots native grasses growing along roadside, Florida 
Route No. between Crosse, Florida, and U.S. Highway No. 27. 
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EFFECTS SOME PURINES DEVELOPMENT THE 
BROWN TROUT (SALMO TRUTTA FARIO L.)! 


JoHN AND HELEN BATTLE 


Abstract 


Recently fertilized eggs the brown trout (Salmo fario L.) were sub- 
jected each the purines adenine and hypoxanthine concentrations ranging 
blastomere diameters during cleavage, blastoderm diameters during blastu- 
lation, and the lengths the embryonic axes during and subsequent 
gastrulation indicated that over the whole range concentrations both 
purines, these processes were significantly accelerated over those controls. 
Adenine and hypoxanthine appear equally effective. concluded that 
exogenous source the purines adenine hypoxanthine can exercise general 
acceleration the processes cleavage, blastulation, gastrulation, and early 
differentiation the brown trout embryo. 


Introduction 


The metabolic basis for morphogenesis has been intensively investigated 
during the past decade. Evidence from various sources indicates that even 
early differentiation dependent upon the initiation various protein 
syntheses, hence much research has centered around the metabolism amino 
acids and nucleic acids. number investigators (Bieber, Nigrelli, and 
Hitchings (2); Brachet (3); Liedke, Engelman, and Graff (16); Waddington 
(20); Waddington, Feldman, and Perry (21); Waddington and Mancuso (22)) 
have studied the effects nucleic acid the constituents the purines and pyrimi- 
dines, and particularly various their analogues, embryonic development. 
There are indications that the effects any one compound cannot deduced 
priori since diverse effects have been induced eggs various species, 
including ascidia, amphibia, and the chick. The present investigation has its 
objective determination the effects the exogenous application the 
purines adenine and hypoxanthine the megalecithal egg teleost, the 
brown trout (Salmo fario L.). 


Materials and Methods 


Eggs the brown trout, Salmo trutta fario L., obtained from the Ontario 
Provincial Government Hatchery Normandale, Ontario, were subjected 
each the purines adenine and hypoxanthine concentrations 0.025, 
0.050, 0.100, and 0.150% (i.e. 1.85 mM, 3.7 mM, 7.4 mM, and 11.1 
respectively). The desired concentrations were prepared dilution 20% 
stock solution with pond water. Seventy eighty eggs approximately three 
hours after fertilization and undergoing their initial cleavages were incubated 
9.5° experimental solution sterile Petri dishes. Each dish 


received September 1960. 
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was covered with square glass plate which reduced evaporation but allowed 
small areas the edges for aeration. Samples approximately eggs were 
removed periodic intervals from incubation days, fixed Davidson’s 
solution (formalin, 20%; glycerine, 10%; 95% alcohol, 30%; glacial acetic, 
10%; distilled water, 30%) for hours, and then transferred into Davidson’s 
solution (solution minus acetic acid). 

During the first days, mortality the controls for all experiments ranged 
from 2.2 6.1% with mean 4.34%, and the experimental solutions from 
1.9 7.0% with mean 4.32%. For this reason mortality was considered 
attributable previous handling; dead eggs were not taken into consideration 
the subsequent results since mortality was negligible following the second 
day. 

Representative blastoderms and embryos were dehydrated alcohol, 
cleared toluol, embedded Tissuemat, sectioned serially mounted, 
stained with Heidenhain’s iron haematoxylin, and mounted Piccolyte. 
There considerable difficulty distinguishing early prophases from inter- 
phases blastomeres, hence the mitotic index could not employed 
measurement the effect these compounds. Since, however, cleavage 
essentially fractionation process, the relative size the blastomeres has been 
used criterion the degree cleavage, i.e., the smaller the blastomeres, 
the more cleavages that have occurred. Images sections blastoderms were 
projected screen magnification 1000 diameters; and the diameters 
100 blastomeres were measured for each two blastoderms subjected, for 
and 6-day periods, 0.025% concentrations each purine. Sections were 
selected near the center the blastoderm where the blastomeres appeared most 
uniform and fields were taken random. Beginning always the left the 
field, blastomeres containing typical nuclei were measured and subsequently 
corresponding cells from the 10th successive section. 

The diameters blastoderms the eggs each sample for all concentra- 
tions were measured under compound microscope using calibrated micro- 
meter eyepiece and objective. For later stages with well-defined embryonic 
axes, images the eggs magnification were projected ground 
glass screen extended above the ocular compound microscope. Measure- 
ments were made with flexible calibrated ruler. 


Results 


Concentrations adenine and hypoxanthine ranging from 0.025 0.150% 
induced measurable acceleration cleavage, blastulation, and gastrula- 
tion with the simultaneous formation the embryonic axis (Fig. 1). 

Following subjection for periods and days concentration 
0.025% adenine and 0.025% hypoxanthine analysis variance demon- 
strated difference 0.05 for days’ exposure, and 0.02 for days) 
between the mean blastomere diameters the control and the purine- 
treated eggs (Table I). The average mean blastomere diameters were then 
compared according the test using pooled estimate the variance the 
term from the analysis difference 0.05) was observed 
both and days between adenine and the control; and between hypo- 


PLATE 


CONTROL HYPOXANTHINE 
0.025% 


TIME 


EXPOSURE 


Fic. Photographs trout embryos exposed 0.025% adenine and 0.025% hypo- 
xanthine for periods days. eggs exposed for and days blastoderms have 
been excised from the yolk sphere while those exposed for days, the embryonic 
axes are shown surface view the yolk sphere. 
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xanthine and the control 0.05 for days, 0.05 for days). Although 
the blastoderms showed significant increase diameters over those the 
controls days’ exposure (Table Fig. evident from the smaller 
diameters the blastomeres the purine-subjected eggs that cleavage was 
well advance the controls. The same proportional decrease diameters 
blastomeres from those the controls was also evident days’ exposure. 
this same exposure, blastoderms experimental eggs all concentrations 
(Table II) were significantly 0.01) greater diameter than those 
controls; those adenine were approximately times greater and 
those hypoxanthine During epiboly and the coincident 
development the embryonic axes, significant 0.01) acceleration 
growth was evident all treated eggs. days’ exposure the axes 
those embryos subjected adenine were approximately times long 
xanthine and times long, respectively. Over the range 
concentrations both purines used, there was obvious relationship 
between the degree acceleration growth and the concentration. 

indicated the acceleration growth the embryonic axes, epiboly 
embryos exposed for days either the purines was considerably 
advance that the controls (Fig. 1). the latter, the blastoderm had 
overgrown less than four-fifths the yolk, while the treated embryos the 
blastopore has closed except few instances when, however, had become 
reduced narrow slit. 

Embryos eggs subjected for days over the whole range concentrations 
both purines showed distinct melanic pigmentation the eye, whereas 
the controls pigment had not appeared. All treated embryos appeared normal 
when examined magnifications, and study serial sections revealed 
cytological other developmental anomalies. 


Discussion 


The acceleration growth induced adenine and hypoxanthine would 
seem indicate that these purines can utilized the embryo the brown 
trout. The fact that they are equally effective this instance may explained 
the basis the findings Flavin and Engleman (5) that the adenine portion 
nucleic acid can derived from hypoxanthine the same extent from 
adenine. number investigators have shown that purines have growth 
stimulatory effects variety organisms. Krueger and Peterson (15) 
demonstrated this for adenine Lactobacillus pentosus, Hitchings al. (11) 
Lactobacillus casei, and Galston and Hand (6) for the young sporophyte 
Vicia faba. Waddington and Mancuso (22) found that hypoxanthine stimu- 
lated growth the ascidian embryo Phallusia mammilata. Contrariwise 
Hughes (13) observed that adenine concentrations low 3.7 
inhibited mitosis anaphase and prevented cleavage connective tissue cells 
the chick vitro. Obelia geniculata adenine inhibits initiation new 
growth, but enhances organization and differentiation (Hammett (9)), while 
hypoxanthine retards differentiation and enhances recurrent growth (Hammett 
and Steele (10)). Adenine also inhibits cleavage ascidian eggs (Waddington 
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and Mancuso (22)) and regeneration Acetabularia mediterranea (Brachet 
(4)). inhibition was observed the brown trout egg, any the con- 
centrations used these experiments. 

and Winnick (17), Bendich (1), and Hamilton (8) have demon- 
strated that adenine can incorporated into the nucleic acid variety 
tissues. bacterial species which not require exogenous purines, the 
latter can serve, nevertheless, growth stimulants (Schlenk (19)). Raska (18) 
found that adenine may have two modes action mouse tumors; may 
stimulatory incorporated into nucleic acid inhibitory exists 
free state, possibly causing chromosomal aberrations proposed 
Kihlman (14). However, Hoff-Jorgensen (12) has shown that synthesis 
nucleic acid does not occur the very early stages embryonic development 
the sea urchin, frog, and chick, which depend stored cytoplasmic RNA 
until autosynthesis initiated; and Graff and Barth (7) found that there 
synthesis purines early stages Rana pipiens. Thus the basis 
the results the experiments described here, may postulated that 
purines are limiting factors the syntheses nucleic acids the embryo 
the brown trout, then their exogenous application may account for the 
generalized developmental acceleration from cleavage through early 


organogenesis. 
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ECOLOGICAL STUDY THE HARE 
LEPUS 


RoGER 


Abstract 


This paper deals with the ranges hares area the Quebec Laurentians 
which characterized heterogeneity vegetation structure. The vegetation 
structures are described, and the relation the hares this environment 
shown terms utilization. Modifications rates and areas movements 
the hares are correlated physical and climatic factors. expanding trap 
lines from main study areas, and gang-trapping, social aspects indi- 
viduals are studied. Conclusions reached are: (a) vegetation structure plays 
important role determining the ranges hares; (b) climatic and physical 
factors dampen activate movements within the ranges; (c) female hares are 
consistent their choice browse and cover areas whereas males are not; (d) 
daily ranges males and females summer and winter are found about 
acres; modifications daily ranges hares are decreases when females 
care for young, and increases when males move from one female’s range an- 
other; the total ranges males ultimately determined the sum the 
ranges the female hares which they court. 


Introduction 


Hares have been the subject many investigations because their periodic 
fluctuations numbers. Some authors have studied the home ranges hares 
(1, 2). The object this investigation was study the home range the 
hare and its ecological significance. Since quadrat trapping did not seem suit- 
able for this type work, new gang-trapping technique was devised. 

Field work for this project began January 1958. Preliminary observations 
microhabitats and movements the population were recorded while 
snow tracking was still possible. Then, during the spring and summer months 
1958, observations were made chiefly night work from platform 
located feeding area (Fig. 3-S). July 1958, trapping program began 
and was continued intermittently June 1959. 


The Area 


The area study was located the Laurentian shield miles northwest 
Montreal Island. comprised 275 acres (Fig. 1). Bordering the area are 
open fields three sides with the exception maple sugar woods the 
northeast corner. paved road and parallel stream (15 wide) border 
the west side. The area divided creek wide) running east west. 


Vegetation 


The area supports stands mixed coniferous and deciduous woods with 
adjacent old fields (Fig. 1). The mixed woods have been divided into six types. 
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Fic. Topographical map area showing location six classified types vege- 
tation. 


These six types are illustrated graphically following the techniques Danse- 
reau (10), which have been modified three ways. have used absolute 
scale; have added cover which might useful hares, i.e., dead branches 
and more true-to-life form for conifers; and have substituted names for 
leaf type and texture all trees, shrubs, and some herbaceous plants. Nomen- 
clature the flora follows that Frére Marie-Victorin (21), which includes 
the supplement Rouleau (25). Identification winter twigs was done with 
reference Graves (15). 
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have excluded plants which are short-lived, such Erythronium ameri- 
canum, Trillium spp. and Clintonia borealis, which are very sparse such 
lady’s-slipper, Cypripedium acaule. Although some the above are eaten 
hares, they almost certainly not play critical role their diet any 
time the year. species plant utilized cover was excluded. 


Type (Fig. 2a), subclimax bog.—This consists tightly knit canopy 
black spruce (Picea mariana) and eastern white cedar (Thuja occidentalis). 
Alders (Alnus spp.) grow openings along the somewhat diffuse path 
spring water flow. The ground cover typically sphagnum with the 
occasional cluster individual ericaceous plant. Walking through this type 
woods possible but low dead branches are considerable hindrance. 


Type (Fig. 2b), clumped regeneration mesophytic are 
dry open sites mostly the cooler bottom the valley. Between the clumps 
conifers, lichens, raspberries (Rubus idaeus), hazelnut (Corylus cornuta) 
are found forming the ground cover. Areas below the conifers are devoid 
ground cover and nearly all dead branches are persistent. 


Type (Fig. 3a), mixed northern hardwood regeneration.—This results from 
recent selective cutting. This type woods characterized dense under- 
story from high formed many species trees and shrubs. The 
formation the transect depicted one from 3-S (Fig. 1), and typical all 
others except 3-N, which does have continuous canopy. 3-N the result 
recent clear-cutting for firewood and characterized dense growth 


young trees forming complete canopy, but which for the moment has 
fairly dense understory 3-S. 


Type 3.—This is, course, not completely depicted Fig. the first 


Type (Fig. 3b), mixed coniferous and northern hardwood 
the most extensive type forest found the study area. few trembling 
aspen (Populus tremuloides) still stand, but each year some are wind blown 
along with some the larger, shallow-rooted spruce (Picea glauca) and 
balsam (Abies balsamea). the understory, there are discontinuous clumps 
persistent hobblebush alnifolium) and hazelnut (Corylus cornuta) 
with few suppressed conifers. The ground cover, particularly the north 
slope, has clumps shield fern (Dryopteris spinulosa), which remain green 
the year around. 


Type (Fig. 4), hygrophytic association the creek type char- 
acterized clumps mature conifers with few hardwoods interspersed 
throughout its range. The sylvatic association mature type structure, 
but wherever spring flooding occurs, has occurred, the canopy trees are 
replaced tufts shrubs and luxuriant growths hygric ferns and plants. 
Where very large clearings occur, alders spp.) are present, but this 
the exception rather than the rule. 
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Picea mariana; TH, Thuja occidentalis; 
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mesophytic conifers: balsamea; CO, Corylus cornuta; 


(b) Clumped regeneration 
Rubus idaeus; Picea 


Fic. bog: AL, Alnus spp. 
ericaceous plants. 
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Fic. Mixed northern hardwood regeneration: Acer saccharophorum; 
Acer spicatum; Betula lutea, CO, Corylus cornuta: Lonicera canadensis; Prunus 
spp.; P.T., Populus tremuloides; Viburnum alnifolium. 

Mixed coniferous and northern hardwood forest: S., Acer saccharophorum; 
Abies balsamea; L., Betula lutea; CO, Corylus cornuta; Fagus grandifolia; 
Populus tremuloides; Picea glauca; Viburnum alnifolium. 
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Fic. Hygrophytic association the creek bed: S., Acer saccharophorum; 
Acer spicatum; Abies balsamea; L., Betula lutea; CO, Corylus cornuta; T., Populus 
tremuloides; Picea glauca. 


Fic. Immature forest: R., Acer rubrum; Acer saccharophorum; 
L., Betula lutea; Fagus grandifolia. 
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Type (Fig. 5), immature this figure transect 
6-N, Fig. 1), can see that none the canopy trees have yet reached 
maturity; however, there are suppressed beech and maple trees unevenly 
dispersed throughout the understory, with the branches not forming synusia. 
The ground cover relatively devoid shrubs and ferns ground cover 
aside from young sugar maple (Acer saccharophorum). Area 6-S (Fig. 
structurally identical with area 6-N except that the trees are closer together 
and possibly feet shorter. 


Feeding Habits 


Field observations the feeding habits hares were made throughout 
the course this study; however, think that long and certainly incomplete 
list plants eaten would add little this paper, since the study food was 
not undertaken systematic way. 

The summer time plenty. the fall, winter, and spring, however, 
certain plants influence the movements and ranges the hares virtue 
their specific life form and function. 

Utilization plants was determined the evidence clipped twigs, 
signs stripping gnawing bark, which characterized large tooth 
marks and shaggy appearance, and direct observations hares eating 
after being released from traps. 

Eleven the more common plant forms found the study area are shown 
Fig. For each form, specific species highly utilized hares was used 
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Fic. Synoptic representation how the most commonly used species plants were 
utilized hares during the period defoliation. indicates clipping hares. indicates 
barking hares. 
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example. The diagrams show when and how these plants were utilized 
during the period general defoliation and how snow affected their form. 
late fall, for instance, the shield fern and raspberry were highly utilized 
food. The attractiveness these plants was most probably due the 
persistent leaves the fern and late defoliation the raspberry. winter, 
when there was about two feet snow, all the depicted types were utilized 
except the fern, which was long since buried. The form the raspberry, 
hazelnut, and spruce were modified the weight the snow. Broken aspen 
(Populus tremuloides), when not dried out, was utilized the hares throughout 
winter and early spring. White spruce, open-grown, played double role 
winter, one cover around its base, and another browse species. 
early spring, virtually the only palatable greenery was the shield fern; the 
other extreme, the raspberry cane was dried out and was probably not utilized. 
that time, available twigs plants such the hazelnut and the young 
birches were eaten. During the rapid melt-off, which took about two weeks 
the spring 1959, many young maples were stripped their bark, particularly 
type vegetation bordering the subclimatic bog, type (Fig. 1). this 
same period, became evident that all the species seemingly utilized, only 
the balsam had not been eaten any extent, for the number clipped 
twigs with leaves strewn about the tree usually matched the number clipped 
branches. 

With the exception sugar maple and trees similar life form, doubt 
whether the hares’ feeding habits would ever endanger their future food 
supplies. The clipping the balsam could very advantageous hares, for 
balsams, which are normally rather spindling trees, tend get denser 
foliage when clipped which might make them more suitable for purposes 


concealment. 


Movements 


Movements hares were studied from two aspects: (1) the utilization 
the area the population whole determined winter tracking and 
(2) the specific ranges few individuals determined trapping winter 
and summer. was the basis the results the former that final 
trapping technique evolved, will now discuss when, how, and where the 
area whole was utilized. 


Winter Movements the Population 

Between January 13, 1959, general survey was made for consecutive 
days. The results these surveys terms area utilized explored, corre- 
lated nighttime temperature, wind, and light are shown Fig. 

snowstorm, which had started January ended the morning January 
general warming trend took place throughout the period. Wind was very 
high January moderated January and then let completely 
January Light was variable throughout the period. January (the last 
night the storm) the hares’ movements were restricted cover. The follow- 
ing nights the area ranged the expanded rapidly. January 
and clear nights, the hares stayed within areas which had been previously 
visited; however, fresh tracks indicated that many hares had been browsing 
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along the edge the woods. January 10, few hares started out into the 
fields and clear areas, but returned denser cover. The following night, the 
hares did cross the open fields approached the previous night, and all returned 
their points departure except those which moved extensions 
their browsing areas. Hares did not enter fields the night January 12. 
From the night January the last day the survey, the tracks brows- 
ing and cover areas became more numerous every night. The depth which 
the hares sank the snow stayed almost constant 2.5 in. throughout the 
period. 


H- HIGH 
L- LIGHT 
N- NONE 


PARTIAL 
LIGHT OVERCAST 
OVERCAST 


EXPLORATION 
FIELOS QUASICLIMAX 


EXPLORATION 
MIXED 


DISPERSION 


BROWSING AREAS 


NIGHT OF JANUARY 


Fic. graphic presentation movements hares correlated physical factors. 
Area under curve represents area utilized determined the presence tracks snow. 


Aldous (1) stated that during inclement weather, such high winds, rain, 
and thunderstorms, hares remain close forms. the other hand, Grange 
(14) found that hares could not driven out area perhaps acres 
extent during snowstorm. Results the surveys described above are 
accord with the winter movements observed during this study, and from these, 
have come the conclusion that wind, light, and snow play independent 
res rictive roles the winter movements hares. 

Wind.—High wind, with without snow, the most restrictive the 
physical factors. windy nights hares were usually areas near cover. 
Under these conditions ranges less than 100 diameter were noted 
several occasions. 

were never seen moving about during daylight hours, and 
evening activity was only recorded after total darkness. close relationship 
can seen between darkness and movements open areas (Fig. 7). Similarly, 
Aldous (1) reported that hares moved across open areas only cloudy nights. 
Walls (28) stated that rabbits are affected only brightness and cannot 
differentiate between red and black. This lack color differentiation the 
red end the spectrum could compensated for being more sensitive 
degrees brightness, more sensitive the blues. 

Snow.—Snowfall did not impede the mobility hares. However, runways 
were often used the conifers and between browsing areas and cover. Grange 
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(14) pointed out that these are matter that the sphag- 
num moss swamps, they may used year after year. several occasions, 
broke overhanging branch over runway marker, and was noted 
that after the next heavy snowfall, new runway would made sometimes 
near ft, but more often farther away. agree with Grange that runs 
are used convenience, but what think still more important that 
runways indicate poor browsing habitats, for hares use these get better 
feeding areas. 

The occurrence wind, the darkness night, the precipitation, and the 
accumulation snow determine when and how the area utilized; but where 
the hares will determined specifically food and cover. Fig. shows 
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Fic. Map area showing area utilization hares winter and trap sites from 
July 1958 June 1959. Arrows solid lines indicate general paths movements from 
cover areas. These arrows are reversible. 
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(1) the areas where cover occurs, (2) the areas through which hares most 
frequently travel get browsing areas, (3) the location browsing areas, 
(4) areas which are utilized explored around browse and travel areas, and 
(5) tracks seen the open fields and climax hardwoods during the peak 
movement during individual movements. 

Some the assets and liabilities snow have been treated (en passant) 
many authors; however, snow covers the ground approximately five months 
the year the Laurentians, have chosen treat some length. 

The record effective snow height for the winter both hard- 
wood and coniferous areas shown Fig. Hares sank little more the 
hardwoods than elsewhere, but this was more than compensated for the 
greater depth snow. Hence they could browse higher the hardwoods. 
Not indicated Fig. the fact that snowdrifts the openings the coni- 
fers are sometimes even deeper than the snow neighboring hardwoods. 

When depth the snow considered, the browsing potential hare 
becomes significantly three-dimensional. The height which hare can browse 
comfortably approximately in. From November 1958 May 1959, 
when hares were diet which consisted essentially twigs, they were 
able browse plants and shrubs available from the level the ground 
about 4.5 ft. was demonstrated earlier how snow affected some plants with 
particularly pliable branches. All the hazelnut and larger portion 
marginal and open-grown conifers, plus the stiff-stalked plants (up 4.5 ft) 
were available food. Branches spruce which are high the summer 
were browsed winter. 


JAN FEB 


NOV DEC MAR 


30 


Fic. Graph showing effective height snow for hares during winter 1958-1959 
Lac Carre, Quebec. Top line, hardwoods. Bottom line, coniferous woods. 


all the twigs were homogeneously dispersed within the potential volume 
space utilized hares, and the snow accumulated and melted such 
way that all levels food became available for equal lengths time, all 
that would have considered the density the twigs per unit volume 
relation the density the hares find out when food becomes limiting 
factor. 

this study, neither the above conditions existed, and fact the hares 
were restricted browsing zone between and in. height from 


5 19 
3' 


CANADIAN JOURNAL ZOOLOGY. VOL. 39, 1961 


January March The snowfalls the previous winters were radic- 
ally different that the upper in. this particular zone was rather good 
shape and food did not run out. 


Summer Movements the Population 

The main restrictive physical factors winter, i.e., wind and light, not 
seem play critical role regulation summer movements, for these are 
both modified foliation. 

Williams (29) gave the horizontal gradient wind velocity found 
climax beech-maple forest. found that 200 from the peripheral ecotone, 
the wind velocity the forest floor decreased more than 50% when the trees 
are leaf. The climax forest the study area was far the 
least dense type lower levels. From this, assume that actual wind velocity 
negligible during the summer months that would not affect the hares. 

Light intensity was reduced virtue the disappearance the snow and 
the foliation the trees. Hares become much more active the daytime 
during the summer months, particularly regeneration forest types where 
the canopy continuous. 

Rain would expected modify the summer movements, but tracking 
technique has been found establish exactly how this affects the hares. 
During night observations, when the ground was very moist and during rain- 
storms, hares could not heard moving about. Trapping the month 
May produced many hares rainy nights did dry nights. From 
the above two facts nothing can concluded. Hares cannot heard running 
moist ground and the hares caught traps might have been seeking 
shelter. the other hand, the hares would have move through wet areas 
get the traps. 

The only section this area that had water the ground level during most 
the summer was the subclimactic bog, type (Fig. 1), and the mixed hard- 
woods, flooded area the south the bog, type the summer months, 
have observed very few hares this area, and three hares captured there 
were males. 

The most important factor which did obviously affect summer movements 
was courtship and parturition. This, course, was reflected most the range 
the individual animals and not the utilization the area whole 
and, therefore, will treated later. 


Movements Relation Vegetation Types 

Movements were discussed above relation physical and climatic 
factors. part that demonstration, Fig. was used indicate where 
these winter movements took place, and then analogies were made for summer 
movements. 

The following summary how hares utilized the six types vegetation 
described earlier. This summary was arrived (1) superimposing Fig. 
Fig. which gives the general outline the relationship, then (2) 
noting the differences that relationship resulting from late spring and summer 
climatic and physical conditions. 

The subclimactic bog (type 1), the mesophytic conifers (type 2), and the 
hygrophytic association the creek bed (type were utilized cover all 
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times throughout the year. Exceptions this were that (a) the subclimactic 
bog seemed less utilized during the spring and early summer when the 
water level was high, the two small isolated clumps mesophytic conifers 
found the fields the west side the area were very seldom used the 
winter. 

Areas mixed northern hardwood regeneration (type were always 
utilized browsing areas. 

The mixed coniferous and hardwood association (type served both 
food and cover. Browse near clumps single conifers used cover were 
utilized during unfavorable climatic conditions, otherwise hares moved 
through these areas from their cover the mixed hardwood regeneration areas. 

The climax (type was sparingly utilized winter and 
was crossed even less than open fields. Casual summer observations indicated 
that the above situation did not differ from winter. 


Conclusions 

Summer and winter movements seemed follow approximately the same 
general patterns far total utilization the area was concerned. The 
hares’ winter movements for the most part seemed determined 
necessity. The duplication this same area utilization summer indicated 
that possibly the quantitative aspects one forest type relative the others 
affected the summer movements. 


Home Range and Territoriality 


Trapping Technique and Purpose 

Trapping was carried out using live traps, three different types, 
intermittently between July 1958 and June 1959. Celery was found the 
best bait. total 152 captures were made individuals. 

For tagging, two plastic disk washers (one bearing number) were fastened 
the hare’s left ear using brass straight pin couple them. The pin was 
bent the inside the ear avoid snagging. The only known losses tags 
occurred the traps. 

Data taken from trapped animals were location capture (distance from 
landmarks), sex, weight, length left ear (notch tip), length left hind 
foot, general condition, molt, ticks, and direction departure release. 

The purpose trapping was (1) determine accurately possible the 
home ranges few individuals, (2) study the social relations hares. 
The following technique was used: 

From December 1958 June 1959, equal number traps was used 
the areas lying the north and south the creek. Trapping was done ex- 
clusively and around areas and (Fig. May 1959. During the 
month May the trap line was spread out systematically learn the limits 
the ranges the hares caught and around areas and The maximum 
expansion the trap line was limited the adjacent fields where hares 
from and areas were longer caught. 

The social relations the hares were determined gang-trapping. This 
technique involved the placing more than one trap homogeneous area 
where hares might expected found. browse area (Fig. for 
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example, six traps were utilized every trap night area less than half 
acre extent. Traps were sometimes placed near from one another. 
The maximum distance the nearest neighboring trap gang was approxi- 
mately 150 level walking distance. When verifying areas suspected not 
harboring hares, only single traps were used. 

The only unexpected result from the subjective placing traps was the 
low rate captures the bog (Fig. 8). Tracks were always numerous there 
winter. Three males were caught this area May 1959. Females were 
caught areas bordering the bog, but when released they ran away from 
rather than into did the males. 

With the above exception, hares were caught wherever tracks had been seen 
winter. The greatest part the trapping was done browse areas deter- 
mined winter surveys. This gave additional information the area 
utilized individual hares. When hare was released browsing area 
usually oriented itself, then ran for cover. all areas cover had been 
determined from winter tracking, and the released hares always ran toward 
one these areas, both browsing and cover areas were readily determined 


for each capture. 


Home Range 

Burt (7) succinctly outlined the basic concepts home range and terri- 
torialism that this one instance most authors tend use his paper 
departure for their own particular period from 1937 1944, authors 
such Aldous (1), Blair (3, 5), Burt (6), Dalke (9), and Haugen (19) 


collected material and devised their own techniques for calculating home 
ranges. Validity the derived home ranges set down the above authors 
have been analyzed and reviewed from two points view, (a) the non- 
statistical Mohr (22) and Stickel (27) and the statistical Hayne 
(17, 18) and Geis (13). 

The difficulty estimating home range stems from the use quadrat 
trapping. The statistical analysis quadrat trapping must based the 
assumption that all traps are equidistant from one another. (The only pattern 
which satisfies this condition hexagonal pattern with all sides equal and 
having trap the middle.) The variations the size home ranges result 
from (a) the distance between rows traps (21, 17), the location traps, 
(c) the heterogeneity habitat, the inability capture more than one 
animal trap site, and (e) the heterogeneity trap response (13). 

techniques, described above, not involve arbitrary choice 
quadrat size; not necessitate the placing trap around station 
whose microhabitat might less productive (trapping efficiency) area 
within habitat; are primarily designed used heterogeneous habitats; 
and allow for the possibility multiple captures single site. The method 
ascribing area utilization trapped hares, described below, more 
objective way determining home ranges. 

Home range that area utilized animal its normal activities (7). 
hare’s normal activities are rest (under cover), move browsing 
area, browse, then return cover. Courtship and caring for young 
are also normal hare activities the breeding season. The areas that hares 
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use for cover, browse, and travel were described the sections general 
movements, and therefore, when female hare was captured browsing 
area, ascribed the whole browsing area her range plus the cover area 
which she ran when released. The total area browse and cover abbre- 
viated (a.b.c.). cover and browse were not adjacent, strip between the 
two areas, based winter paths movements, was entered into the calcul- 
ation range. this paper this area called travel strip. The total range 
breeding male described terms the sum the ranges females visited, 
plus travel strip through the most likely area the hare will travel when 
going from one female’s range another, the ranges neither overlap nor 


touch. 


Results 
Grange (14) found the home range hare during snowstorm less 


than acres. Adams (2) found the home range mature male hares 
acres, mature female hares acres. The discrepancy here certainly 
due the unit time. The concept home range previously defined 
implies area utilized individual over lifetime. short studies, which 
not include range records from initial dispersal the young their 
death, the expression home range inappropriate. For the sake clarity 
the time dimension, use the terms daily range (d.r.), and total range 
(t.r.). The total range includes travel strips between distant areas, 
demonstrated that the movement this strip occurs more than once during 
the period study. All areas are expressed acres and the total range 
modified time unit expressed days. 

Figure depicts the home range male No. consecutive days. 
This animal was caught both days the same browsing area and when 
released went toward the spruce bog for cover. this was March, was 
easy see tracking that both nights had come directly from the 


Fic. 10. Daily home range male hare No. March 1959. Dot and arrow indicates 
trap site and direction escape. browse area; field. Exposed rock depicted 
Fig. Crosshatched area browse and cover; lined area travel strip. 
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spruce bog the browsing area. The travel strip indicated the diagram was 
found equal .44 acres; the a.b.c., 4.06 acres; the d.r., 4.5 acres. the hare 
question had been tracked and chased either these days and the per- 
son did not exclude the small aberrances but just measured roughly map 
the general area which the hare ran, would probably delimit area 
similar that enclosed the dotted line. Here, the field excluded, the 
area totals 8.04 acres less than acres (as Grange had put it). live traps 
were used 400-ft grid best site (Adams (2)), maximum three 
traps could placed within hare No. 34’s d.r. trapping was successful 
consecutive nights could get variety total ranges. The d.r. would 
always acres, for this dependent the distance between traps. 
3-day t.r. was calculated, would get either 10, acres depending 
which traps caught the hare. 

The d.r. described this paper solely dependent the size the 
area which could potentially used browse cover. Statistics concerning 
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Fic. 11. Movements male hare No. (black dots) spring. The number after the 
black dot indicates date capture related the month during which was the area, 
otherwise months are double-scored. Single-scored numbers are the identification numbers 
other hares the area during the same period. Each area delimited vegetation type 
and includes both browse and cover. 
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average d.r. are significance because these areas are very variable within 
tract forest. The largest d.r. found was less than acres and the smallest, 
that female caring for her young, was just little over acre. The d.r. 
most males during the breeding season was highly speculative. was 
felt that many cases the direction escape after being released from trap 
was not one that would lead them cover. 

The travels male hare No. during four trapping are shown 
Fig. 11. For March 29-30 the 2-day t.r. was 4.5; April the d.r. was 4.73, 
then the night the 19th travelled least 1400 and found himself 
the area the bottom right hand corner (south the creek). The last 
time was caught this area was May for this period the 12-day t.r. was 
3.89. From May hare No. was caught nine times the middle area 
(right side Fig. 11). the night May 20, this hare visited the spruce 
bog and was trapped approximately 700 outside his normal t.r. for this 
period. This consider move exploratory nature, possibly seek female, 
and following Burt’s (7) convention have excluded from calculations. 
The 19-day t.r. for the period May was 9.25. 

the four periods described above, male No. could have come into 
contact with five females and three males. the period April May 
there were least two other males possibly competing with him for one the 
females. Between May and 24, period days, had possible competi- 
tion from one male area which had four females. 

Progressive change the d.r. hare No. before, during, and after parturi- 
tion, with her social activities included, are shown Fig. 12. She entered 
the area the left diagram May For the next days she stayed 
within the limits her expected d.r. for that area (loop I). She was not trapped 
May but was found about 150 north her usual travel strip 
May This have interpreted wandering search likely site have 
young (loop II). Between May and she bore her young cover area 
(loop III). Fom May she utilized larger area, adjacent the cover 
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Fic. 12. Movements female hare No. during the month May 1959. Dot and 
arrow indicates where she was trapped and path movement cover. 
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area harboring young (loop From May (the last day trapping 
that area) she utilized the extreme east her total range and did not return 
her leveret’s place birth. 

During the period May two males and one female occupied the 
same area hare No. The other female involved did not show signs 
pregnancy and strongly suspected that she might have been the sole 
recipient the males’ attention. Possible meeting between female No. and 
males No. and and the subsequent capture the males elsewhere 
possibly suggests that females nature might quite forceful displaying 
unsociability just prior parturition and while feeding their young. Almost 
soon female No. began expand her d.r., influx males occurred 
the area beginning with the return male No. 39, then and 31. Due 
the progressive number recaptures the males during this period and the 
marked absence other females the area, concluded that female No. 
once more became tolerant towards males, least became attractive 
them. 

diagrammatic representation the total ranges seven females and six 
males given Fig. 13. Two partial ranges males have been added, 


Fic. 13. Total home ranges part population hares. Hatched areas represent 
total home ranges females under study. Areas and are hypothetical ranges 
undetermined female hares. Broken lines represent the total home ranges males deter- 
mined the sum the female ranges with whom they associated. 
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both had ample opportunity compete for the females under study. Two 
hypothetical ranges have been added and Fig. 13). The area involved 
that part Fig. which was not utilized any females studied. 
The area was area frequented one known female whose home range 
was not determined conclusively fringe trapping but was rather deduced 
from vegetation structure and winter movements. 

Total ranges all hares depicted Fig. 13, are listed Table Along with 
the range data the number days between the first and last captures, the 
total and effective number captures. animal was caught more 
consecutive nights one trap one location, all captures except the first 
were excluded from the calculation the effective number captures. Blair 
(5) pointed out that the size the home range rodents increased with the 
number captures, and that minimum captures were needed 
estimate home range. From the data presented the table shown that the 
total range independent the number effective captures the length 
time between the first and last captures. 


TABLE 
Females Males 
No. captures captures Days (acres) No. captures captures Days (acres) 
Average t.r. females 7.04+0.83 Average t.r. males 18.18+1.86 


The traps used this study were: three 36-in. and three 42-in. commercial 
Havahart traps, box traps described Libby (20), and run traps 
which were designed capture hares they ran along drift fences. Run 
traps were used exclusively area (Fig. 8), and occasionally runs 
the bog when baited traps proved unsuccessful. The run trap will described 
elsewhere. 

often thought that the movements animals are influenced the use 
baited traps; however, the opinions most observers based upon work 
done small rodents. this study not believe that the baited traps 
influenced the movements ranges hares for the following reasons. Out 
recaptures shown the table, only were non-effective captures. 
Out these 13, are attributed hare No. when her home range was 
restricted while caring for her young. Five the seven remaining recaptures 
occurred within days the departure the snow, which the period 
when food scarcest (see section food habits). One the remaining two 
recaptures occurred when released hare No. the wrong side drift 
fence; the consequence was that recaptured him minutes later the next 
run trap. The only other non-effective recapture was that hare No. 
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May (see Fig. 12). this last case there was evident reason for this 
recapture but the appeal the trap was not great enough entice him 
third night, returned the area. the other hand, out the re- 
captures shown the table there were cases where hare was caught 
consecutive nights different traps other sites. For example this see 
the trap locations where hare No. was caught May inclusive 
(Fig. 11). 

the discussion Fig. 12, was postulated that the female hares were 
largely responsible for the whereabouts males breeding season, and 
therefore their d.r. would the same. can see (Fig. 13) that the total 
ranges some females are superimposed, whereas others simply overlap 
major browse areas. 

The question is, what the social structure population hares? 
(The number males competing for single female, and the number 
females single male competes for.) From the above data, impossible 
come any categorical conclusion because the lack complete data from 
area but general trend shown. unlikely that courting male led 
into overlapping range another female would start chase the latter. 
this was not then the lifetime range individual males homogeneously 
distributed isolated population would large the range the popu- 
lation itself. have drawn triangles for males and each point flection 
represents range equal that the female found therein. The usage 
triangles very deceptive, however, and simply used for convenience. 
results seemed indicate that male had fictitious center activity 
(in one between two browsing areas) from which dispersed following 
appropriate female. The one exception was the wanderings male No. 
the night April (Fig. 11). the above principle was true then 
male would have associated with many females there were utilizing his 
center activity. this were so, then the bottom half the overlapping 
ranges females No. and could not utilized female because 
males and 34, unlike 31, were never captured the remainder her range, 
and female was captured six times the north half this area and never 
the south. Although the dividing line was arbitrary, half the browsing area was 
subtracted from female No. 4’s 389-day t.r. 

Taking into account the exception male No. noted above, believe 
that male might compete for one several females, but female this 
population studied was known associate with more than three males 
during each estrus. This study did not demonstrate whether not polyandrism 
restricted the same males throughout life that the number males was 
independent population density. There is, however, possibility that the 
number males competing for female might limited intermale com- 
petition alone. The number males competing for each female would probably 
remain constant, the latter was the case. 

The area utilized all hares depicted Fig. 42.19 acres. May 
when this entire area was trapped total male and female hares were 
captured. This density approximately 260 mature hares per square mile 
utilizable area that expanding population. 
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The statement that territoriality not evident little evident captive 
hares was made both Grange (14) and Severaid (26). Adams (2) believes 
territorialism displayed area around the individual (type Dice 
(11)). This territorialism is, however, simply related physiological condition 
the animals, for seems that females are intolerant toward males just 
prior parturition and, the males, Grange (14) stated that they were 
quarrelsome during the breeding season. Burt (8) pointed out that territorial 
trait might work the advantage population animals whose numbers 
violently fluctuate. hares the type territorialism displayed could have 
biological significance, but certainly not itself regulatory mechanism 
for optimal population size, device which these animals would 
space themselves into semi-isolation, which would help protect them against 
contagious diseases. 

Green and Evans (16) and Severaid (26) both found litter size inde- 
pendent the population density. Rowan and Keith (24) and Severaid (26) 
pointed out that litters early spring are very small. Theoretically then, 
the population density low and there delay weeks finding mate, 
then the first litter size should bigger. When the population dense, the 
first mating would take place early the season, and the litter would 
small. using the assumptions given Mosimann (23) find that for the 
probability least one encounter 2-week period approximately 
unity, the population density would hares per square mile, 3-week 
period per square mile, and 4-week period per square mile. The three 
figures mentioned above seem realistic possibilities for minimum 
population densities the study area. (For calculations see appendix.) 

After the first mating the season the intolerance the female will tend 
put the male back into circulation. The accumulative result this being 
that every time successful mating occurs the chances males meeting non- 
pregnant females increases. take example high density population, 
much larger proportion females will become pregnant the very beginning 
the season thereby lower ratio young per season. 

the above examples, the average number litters per female per season 
would not different, not more than 3-week delay the breeding 
season occurred. When the first female ready mate again, the ratio 
available males receptive females will exceedingly high. The lack 
physiological intolerance (territorialism) the part females could there- 
fore cause diminution rate recovery population after crash. 


Conclusions 


was shown that vegetation structures played important role deter- 
mining the size the home range the individual hare, and that climatic and 
physical factors dampen activate movements within the home range. 
was also found quite easy predict where female would found when the 
trap line was expanded, and the other hand, males were very inconsistent 
their choice browse and cover areas. Daily ranges males and females 
summer and winter were found about acres. Cases daily ranges 
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differing from the above were the reduction range when females cared for 
young, and the increase daily range when males moved from one female’s 
range another. general the ranges the females the population ulti- 
mately determined the limits the ranges the males. 
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Appendix 


Given that the distribution the number encounters female with 
males Poisson, agreement with the assumptions and reasoning Mosi- 
mann (23), then the distribution the length time until first encounter 
female with males given (cf. Feller (12, 412)) by: 


probability that the length until first encounter less than 
equal tot 


which the distribution function the exponential distribution. sample 
calculation given here. desired find the minimum density animals 
which would ensure that virtually all females are fertilized before weeks 
the mating season have elapsed. Set .99 Then Use the 
formula 1.2732 rvnt, Mosimann (23), where detection range, 
velocity, the number animals per unit area, and the time specified. 
Solving for (number per square mile) when 


100 per hour 


27,843,400 
hares per square mile. 
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RHYTHMICAL AROUSAL FROM HIBERNATION THE 
GOLDEN-MANTLED GROUND SQUIRREL, CITELLUS 
LATERALIS TESCORUM! 


Eric PENGELLEY? AND KENNETH FISHER 


Abstract 


Daily observations each over one hundred individuals lateralis 
special technique indicated that animal remains continuously the hiber- 
nating state longer than approximately days (at environmental tempera- 
ture 32°F). The arousals were more frequent the beginning (i.e. the 
autumn) and the ending (i.e. the spring) the whole hibernating period, 
than during the middle this period (December and January). Adult males 
were found arouse more frequently than did adult females the juveniles 
either sex. Preliminary data indicate that arousals are more frequent the 
higher the environmental temperature (up Observations 
columbianus, tridecemlineatus, and Glis glis indicated maximum con- 
tinuous hibernation periods 19, and days, respectively, environ- 
mental temperature 32° richardsonii did not hibernate under our labora- 
tory conditions. 

The trigger which starts each arousal not known. Food and water intake 
during arousal not necessary, nor defecation. Urination, however, takes 
place during every arousal. The observations strongly suggest that the urine 
voided was formed only while the animal was the active homothermic state. 
suggested that the accumulation metabolic end products which 
constitutes the stimulus for arousal. 


Introduction 


Throughout much the mountainous regions Western North America 
the golden-mantled ground squirrel, Citellus lateralis, relatively common 
member the genus which, according Howell (1938(6)) there 
are some species found North America. has been known since 1918 
(Grinnell and Dixon 1918 (4)) that the golden-mantled ground squirrel hiber- 
nated. Despite these two facts, little work has been done hibernation 
this species that recent reviews the subject (Lyman and Chatfield 
(1956(2)), Kayser (1957(9)) fail mention the 
golden-mantled ground squirrel hibernator. 

The phenomenon hibernation has been under intensive investigation 
recent years, though there still much confusion its exact meaning 
(16). Both Lyman and Chatfield (1955(12)) and Hock (1958(5)) have dis- 
cussed the meaning “hibernation” applies mammals. For the 
purposes the present research hibernating animal will taken one 
which, rest, capable maintaining high and constant body tempera- 
ture, usually close 98° against the normal range environmental tem- 
peratures, but which, certain times, under natural conditions, capable 
abandoning this homothermic state and permitting the body temperature 
fall close to, not to, the environmental temperature, with low limit 
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32° but able regain the homothermic state any time. should 
noted that this definition does not mean imply that the lowering the 
body temperature necessarily the primary cause hibernation, but merely 
that the manifest condition. 

Mullally (1953(14)) made extensive observations the golden-mantled 
ground squirrel the wild state, and, addition, kept six female animals 
captivity. However, the latter were not under controlled environmental 
conditions, being exposed the normal winter fluctuations temperature 
Los Angeles, California. Furthermore, the animals were not kept apart 
from one another, and although rectal temperatures were taken between 
and a.m. daily, the corresponding environmental temperatures are not 
recorded. Nonetheless, Mullally concluded that the severity the climate was 
not the usual immediate cause hibernation, though excessively warm 
temperatures seemed influential preventing it. Furthermore, his 
data from the six captive female golden-mantled ground squirrels kept during 
the winter Los Angeles indicated very sporadic hibernation. Other workers, 
for example, Dubois (1896(1)), Lyman (1948(10)), Lyman and Chatfield 
(1955(12)), Kayser (1957(9)), Hock (1958(5)), using different species 
animals, indicated that the winter’s hibernation was not continuous, though 
apart from Lyman’s (1948(10)) work the golden hamster there was little 
evidence support this view. Thus study the day-to-day hibernating 
behavior the golden-mantled ground squirrel under controlled environ- 
mental conditions seemed likely yield fruitful information, and the results 
this undertaking are reported here. 


Materials and Methods 


The golden-mantled ground squirrels used these experiments were 
taken from the wild the Sheep River Valley, Alberta, altitude 
between 5000 and 6000 during June and July, 1957, and were flown 
Toronto. They were maintained galvanized 1/3-in. mesh hardware cloth 
cages in. wide in. high in. deep), each animal separate 
cage, with straw bedding and food (fox cubes) and water libitum. Held 
under these conditions animals could transferred cage and all any con- 
trolled environmental temperature. 

For the purpose this research was necessary use some technique 
which could determined with certainty whether animal was 
hibernating state, that with body temperature approximating the environ- 
mental one, whether was homothermic one with body temperature 
98-99° This can easily done taking the body temperature rectally 
thermocouple, but was found prolonged observation that this opera- 
tion invariably initiated the arousal process which terminated some 1-3 
hours later homothermic animal, which might might not re-enter 
hibernation again matter hours days. Thus the hibernating pattern 
interfered with taking the temperature rectally, indeed any other 
undue tactile vibrational stimulus. different approach was suggested 
Lyman’s (1948(10)) demonstration that hamsters may remain hibernation 
for many days ‘‘without shifting their position enough shake off rolled oats 
placed their Similarly Folk (1957(3)) used the disturbance 
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sawdust the fur 13-lined ground squirrels indicate awakening and 
activity. This latter technique was used the present work described 
below. 

animal the typical hibernating position its nest shown Fig. 1a. 
will observed that only the curled dorsal surface can seen. Figure 
shows the same animal removed from the nest where the hibernating posture 
can observed greater detail. Note that the dorsal surface the head 
lies along the posterior ventral surface the anal region and that the tail 
curled over the cervical region and onto the back. Figure shows the same 
animal still removed from the nest with pyramid sawdust added its 
dorsal surface, and Fig. shows the animal back its nest with the pyramid 
sawdust still on. Under experimental conditions the animal would not 
removed from the nest course order add the sawdust. was found 
that the addition the pyramid, which usually made between 
the tip the tail and the dorsal surface, did not cause the animal start 
the arousal process and hence did not interfere with the over-all pattern 
hibernation. If, however, such pyramid sawdust was placed upon 
sleeping animal, the latter awoke once and shook the sawdust off. Thus 
the hibernating state could easily distinguished from the sleeping state. 
From careful observation animals arousing from hibernation was found 
that the sawdust was always removed shortly after the homothermic state 
was reached, and that re-entry into hibernation never took place without 
complete removal the sawdust. was assumed therefore that long 
the pyramid sawdust remained place, the animal was hibernation, 
but that the sawdust had been removed, the animal had aroused, regained 
the homothermic temperature 98° removed the sawdust, and re-entered 
hibernation again. The animal might course the time observation 
found the active homothermic state re-entering hibernation 
with the pyramid removed. Using this technique and making daily obser- 
vations, the hibernating pattern could studied over long periods time 
without interruption what would appear the animal’s normal 
behavior. 


Results 


The data presented here are the result observations made each day 
more than 100 animals, but for purposes clarity only data for certain 
typical groups will given detail. 

Seven animals which had been taken the wild during the first part 
July, 1957, were placed cold room (32° July 24. The artificial day 
was set hours, and each animal was separate cage with ample bed- 
ding and food and water libitum. This group comprised two adult males, 
two adult females, one juvenile male, and two juvenile females. With one 
exception, all these animals were left the cold room for least months. 
The day-to-day behavior four these (L103, L106, L115, L144) deter- 
mined direct observation, and using the already 
described shown Table Each daily observation indicated 
the animal was hibernation, and the animal was hiber- 
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nation but lacked its sawdust pyramid. this last case inferred 
that following the observation the day before, the animal had aroused, 
reached fully homothermic state, and then re-entered hibernation. None 
the seven animals was observed hibernate during the month August, 
1957, but the end September, five the seven had hibernated. the 
end October, all seven had hibernated and were destined 
less’’ permanent basis for some months, the latter period being 
referred hereafter the hibernating period” (Pengelley and Fisher, 
1957(15)). 

strikingly evident Table that animal hibernated continuously 
throughout these months; every one them aroused periodically, regained 
homothermic temperature, and re-entered hibernation, typically within 
hours. These arousals have been termed and 
this species least they are invariable feature hibernation. The longest 
uninterrupted period hibernation found among the more than 100 animals 
followed detail was days. Table indicates, the animals were 
frequently observed fully active during these rhythmical arousals, and 
during many them the rectal temperature was taken confirm that the 
homothermic temperature 98° had been regained. certain instances, 
number L115 example, the animal was never actually found the active 
homothermic state from October 15, 1957, March 17, 1958, 154 days later. 
Nevertheless, certain from the periodic removals the sawdust that 
during this time the animal aroused less than times. Unquestionably, 
great many arousals have passed unnoticed previous work. 

May 1958, the four animals whose record activity given 
Table had ceased hibernate and were permanently homothermic 
condition again were the other three animals the same group. this 
group seven animals, therefore, the whole hibernating period was from 
about the latter part September mid-April with some variation either 
end. must stressed that the change condition from the hibernating 
the non-hibernating condition and vice versa was not due any known 
variation the environment, for the cold-room temperature remained the 
same, did the photoperiod, while food and water were available libitum 
always. 

evident Table that the length the periods between arousals 
not all constant. The nature the variation the arousal cycles best 
seen setting down consecutively the number days between arousals. 
This has been done Table for each the seven animals the group 
discussed above. The initial period entrance into the whole hibernation 
period and the terminal arousal therefrom have been eliminated arbi- 
trarily considering only the middle period during which arousals did not occur 
more than once every days. obvious from the table that there con- 
siderable variation from animal animal, some apparently being more erratic 
their behavior than others. Thus L103, addition hibernating for the 
shortest over-all period (see also Table I), did not hibernate regular 
pattern did some other animals, and the average length continuous hiber- 


nation for L103 was only 7.8 days compared 11.8 days for animal 
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such L150. The longest continuous hibernation was days for the former 
and days for the latter. 

Gross examination the records number animals over the whole 
hibernating period suggested that the interval between arousals underwent 
systematic variation. test the possibility this, the average frequency 
arousal consecutive periods days each was computed. This 
interval 200 days constituted essentially one whole hibernating period. 
The results for the seven animals the group under discussion above are 
given the histogram Fig. evident from this that the frequency 
arousals declines progressively from the initiation hibernation, reaching 
its lowest value the end December, and that then rises, first slowly 
and then quite sharply, until permanent arousal ensues. can seen from 
Fig. that the lowest average frequency periodic arousals (1.4 every 
days) occurred between and 100 days after the onset the whole hiber- 
nating period, approximately half way through the period. This average 
figure 1.4 every days works out one arousal each days, and will 
recalled that the longest observed period continuous hibernation was 
days. Despite the individual variations, these data suggest that there 
period corresponding approximately the months December and 
January when the continuous periods hibernation are most regular and 
longest. Thus L103 and L137 are left out, the former being erratic and 
the latter due its being intentionally disturbed (December 12, 1957), the 
mean number days continuous hibernation wholly within these months 
253/20=12.7 days. Observations other groups animals indicate that 
this period would probably have been even longer the sudden rise the 
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temperature the cold room 45° the night January 30, 1958, had 
not apparently caused some the animals arouse prematurely. 

Apart from individual differences which might, course, expected, 
some importance try determine whether there difference the 
day-to-day behavior between males and females and (or) between adults and 
juvenile juvenile all the cold room, were compared hiber- 
nating behavior for the days between December 1957, and January 
29, 1958. During this period hibernation seems its height, was 
noted above. The durations all the periods hibernation wholly within 
this time were determined for each the animals and are plotted Fig. 
These data suggest once that the adult males tend hibernate for shorter 
continuous periods than adult females the juveniles either sex. 
make statistical tests the significance the differences between the four 
groups, first, the mean duration the periods continuous hibernation were 
calculated for each animal. Then, the average duration the periods for the 
animals comprising the adult male group was compared with the average 
duration the periods for each the other three groups using 
test measure the significance the differences found. The actual 
average duration continuous hibernation for adult males, adult females, 
juvenile males, and juvenile females respectively was found 7.8, 11.6, 
10.2, and 11.4 days. The values for the comparisons the adult males 
with each the other groups turn were all less than .001 that beyond 
reasonable doubt adult males hibernate continuously for shorter periods 
time than adult females and juveniles. From examination all our 
data, evident that the adult males also tend enter hibernation later 
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Fic. The lengths the periods continuous hibernation adult males (AM), 
adult females (AF), juvenile males (JM), and juvenile females (JF). Five animals each 
group, observations from Dec. Jan. 29, hours’ artificial light each 24. Each 
represents one period. (C. lateralis.) 
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the autumn and arouse from earlier the spring than adult fe- 
males and juveniles. The difference between the juveniles not significant 
according the test nor the difference between adult females and the 
juvenile females. The value for the difference between adult female (11.6) 
and juvenile male (10.2) 0.01, that this difference may significant 
the statistical sense. 

The data discussed above, which are typical examples over hundred 
such sets observations, suggest that hibernation never occurs lateralis 
for longer than days and that the periodic arousals occur distinct 
pattern and rhythm. While there proof that hibernation under natural 
conditions the wild would exhibit similar characteristics, there seems not 
the slightest reason suppose that such would not the case. This sup- 
position fact partly substantiated the series observations 
discussed next. 

group eight individuals was exposed covered out- 
door shelter the normal daily fluctuations temperature Toronto, 
Ontario, over the winter 1957 1958. The results daily observations 
two (L117, L122) this group eight animals shown Table III. 
will observed that they behaved much the same manner animals 
under the constant temperature the cold room but that the rhythmical 
arousals occurred perhaps more erratically than those illustrated Table 
for the cold room. not unreasonable ascribe this increased variability 
the fluctuating environmental temperature experienced this group. 
For example, there marked increase the number arousals during 
the last week December, 1957, and the first week January, 1958, and 
also during the second week February, 1958. These arousals corresponded 
with particularly cold spells where the environmental temperatures fell 
between and These observations animals exposed natural 
fluctuations temperature clearly support the supposition that periodic 
arousals from hibernation doubt occur under natural conditions well 
under the more constant conditions the laboratory cold room. 

From observations other species hibernating animals, kept under 
constant conditions the cold room this laboratory, and using the tech- 
niques described above, are satisfied that ryhthmical arousals invariably 
occur also columbianus, tridecemlineatus, and Glis glis (common 
dormouse). columbianus the longest continuous period hibernation 
was days (based animals), tridecemlineatus was days 
glis has considerably longer periods continuous hibernation than any 
the species Citellus studied and Glis glis continuous periods over 
days are relatively common. perhaps worthwhile noting that 
was not observed hibernate under our laboratory conditions. 

many discussions hibernation, the phenomenon commonly associated 
with temperatures regarded humans, i.e., with temperatures 
close the freezing point. evident, however, that theory, least, the 
homothermic state can abandoned animal with environmental 
temperatures far above freezing. examine this point six individuals 
lateralis strictly comparable, far was known, those considered 
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Table above, were kept room with environmental temperature 
70-75° from July 24, 1957, until the spring 1958. This observational 
period corresponds approximately with that Table These six animals 
were under exactly the same conditions the group the cold room except 
for the difference environmental temperature. The results the daily 
observation two (L125 and L148) the six are recorded Table III. 
These results are quite typical the whole group and noticed 
once that hibernation took place. During the actual time hibernation the 
animal’s body temperature was found fall essentially the environmental 
temperature. was observed that when the body temperature animal 
fell below 90° the behavior the animal became obviously different from 
that the fully active, homothermic animal. Between 90° and 98° 
behavior which could said characteristic animal in, approach- 
ing hibernation, was not identifiable. Actually, repeated measurements 
the rectal temperature suggested that this may vary between 90° and 98° 
even normally active animals. 

obvious from Table III that environmental temperature 
75° hibernation much more erratic and interrupted nature than 
32° and fact the longest continuous period hibernation observed 
75° was between and days. Nonetheless all six animals did 
hibernate greater lesser degree from October, 1957, February, 1958. 
This hibernating shorter than that found for the seven 
animals the cold room, data for which are Table The latter animals 
entered hibernation somewhat earlier and continued hibernation consider- 
ably later (i.e. most continued into April) than the warmer Table 
III also shows, for comparison, observations one animal, L7, which was 
kept environmental temperature 55° 60° from December 29, 
1955, June 1956. The arousals this animal show most striking rhythm 
occurring about every days between January 1956, and April 1956, 
(i.e. for months), with the longest continuous period hibernation being 
between and days. Comparing the pattern rhythmical arousals between 
animals the cold room 75° and the one animal 55° 
60° would seem that the frequency these least part dependent 
upon the environmental temperature. Thus animals kept the cold room 
hibernated continuously for longer periods than the one 60° which, 
turn, hibernated for longer continuous periods than those 75° 
temperature. 


The Cause the Arousal 


From the regularity the rhythmical arousals became possible predict 
within some hours when these arousals would occur any particular 
animal, and this prompted attempt determine what occurred during 
these arousals, and what might their cause. 

the case number animals being kept 32° the food and water 
were measured before the predicted time arousal and after the subsequent 
return hibernation. From this procedure was established that usually 
food was consumed during these arousals. Thus animal such L144 
(Table ate food whatsoever between October 1957, and April 1958, 
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total 182 days, during which aroused less than times and lost 
least weight from the beginning hibernation. Furthermore, this 
particular animal did not drink over this period. Such was not invariably 
the case, however, for some animals did consume small quantities food 
and water during these arousals. But all cases the amount food and water 
consumed was very small comparison with day’s consumption 
fully active animal. may certainly said that neither food nor water 
essential the animals during these arousals, for animals were kept 
the cold room over the winter 1958 1959 with food water available 
them, without apparent harmful effects. One tended get the impression 
that some animals might nibble the food during these arousals, but that 
food water intake was not essential. was noticed, however, that animals 
kept 75° consumed more food during these arousals than did those 
kept 32°F. 

has long been known that between the beginning and ending the 
whole hibernating period the animals show pronounced weight loss. 
order obtain detailed information about the time course this loss, 
animals which were denied all food and water were subjected repeat weigh- 
ing. With careful handling sometimes proved possible remove animal 
hibernation from its nest, weigh it, and return the nest again without 
causing arouse. weighing animal (which was denied food and water) 
the day after entered hibernation and again the day before the predicted 
time arousal, was established that the weight loss during this interval 
was negligible (less than g). the other hand, reweighing after the animal 
had again entered the hibernating state indicated weight loss during the 
was ascertained that the weight loss occurred during the active homother- 
mic period only, for animal which had just become homothermic showed 
appreciable weight loss result the arousal process itself. 

was also determined that during these rhythmical arousals urination 
invariably took place. This was ascertained denying food and water 
animals and then simply examining filter paper which was placed the 
trays the cages both before and after the arousals. Later using animals, 
the urine was actually collected plastic containers, and there doubt 
that urination invariable feature these arousals. Furthermore, was 
determined direct observation events during these arousals that the 
actual discharge from the bladder did not occur immediately upon arousal, 
but rather some hours later, and that the animal usually re-entered 
hibernation few hours thereafter. From over samples urine collected 
during these arousals, the amount urine voided varied between and 
cc, but was usually between and cc. The high volume occurred 
only one case, and this may have been due prolonged arousal with 
two voidings. evident that the urine voided during the arousal probably 
accounts for most the weight loss found during the arousal. 

The observations the occurrence urination suggested examination 
the possibility that the gradual filling the bladder during the customary 
days continuous hibernation might constitute the stimulus for the 
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periodic arousals. the urine was deposited the bladder during the days 
continuous hibernation one would expect greater volume the bladder 
animal which had hibernated continuously for days than that-of 
one which had hibernated for only day. Measurements the amount 
urine present the bladder were therefore made. Animals were taken after 
various times continuous hibernation, and within minutes (i.e. before 
the body temperature could have risen more than the bladder 
was exposed surgery and the contents extracted hypodermic syringe. 
Table lists the results. will seen there that animals which have 
been continuous hibernation for days, the urine volume the 
bladder varied from 1.2 cc, and three cases was actually less than 
was some animals which had only hibernated for consecutive days. 
seems necessary conclude that the volume urine the bladder not 
proportional the length continuous hibernation, and that the filling 
the bladder cannot then the stimulus for the arousal process. interest 
that after withdrawal the urine present, easily measurable volume 
urine (i.e. greater than cc) could seen entering the bladder during the 
arousal process when this was permitted carry through the homothermic 
temperature 98° with the bladder still exposed. From this concluded 
that appreciable volume urine was produced during the actual process 
arousal. The urine which was found the bladder must then have been 
produced after the voiding during the previous arousal and prior entrance 
into complete hibernation again, and the volume voided during arousal 
must have been made what was already there when hibernation was 
entered, and what may have been produced after arousal was complete. 


TABLE 


Volume urine (cc) found bladders lateralis after varying lengths continuous 
hibernation environmental temperature Each number was 
obtained different animal 


Days continuous hibernation 


Urine (cc) 
Discussion 


preceding investigations attention has not been particularly drawn 
the length the periods continuous hibernation. That hibernators not 
fact remain the poikilothermic state absolutely continuously throughout 
the season associated with hibernation has been suggested, course, 
several investigators. Dubois (1), early 1896, reported that the marmot 
arousals from hibernation took place every weeks. Kayser (1940(7)) 
gave maximum time 110 days continuous hibernation for the common 
dormouse, glis, and weeks’’ for the European ground squirrel, 
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Citellus citellus (Kayser, 1953(8)). the case the arctic ground squirrel, 
Citellus parryi, Hock (1958(5)) speaks terms three and 
one case weeks, the length uninterrupted hibernation. 

far known the present work the only one which the rhythmical 
arousals have been studied comprehensive and comparative manner, and 
their rhythmicity during the middle part the whole hibernating period has 
been demonstrated. know now that the golden-mantled ground squirrel, 
lateralis, the columbian ground squirrel, columbianus, the 13-lined 
ground squirrel, tridecemlineatus, and the common dormouse, glis, 
can and arouse from hibernation, and re-enter within few hours, 
leaving easily discernible trace this event unless special precautions 
are taken. the absence these precautions the length the continuous 
periods hibernation tend overestimated. Thus the maximum time 
days continuous hibernation for glis the present research contrasts 
sharply with the figure 110 days given Kayser (1953(8)) for the same 
species, and the maximum days found here for columbianus contrasts 
with Hock’s (1958(5)) weeks for parryi. the opinion the authors 
only the data Folk (3) and Lyman (10) obtained using the tech- 
which has been modified the present research, can considered 
fully reliable, and the maximum days for tridecemlineatus found 
here quite close Folk’s maximum days for the same species. For 
comparative purposes interesting add that Folk gave mean con- 
tinuous hibernating period 2.7 days for golden hamsters January and 
mean 5.9 days for the 13-lined ground squirrel, tridecemlineatus the 
same month. early investigation Lyman (10) gave the maximum period 
continuous hibernation for the golden hamster days although later 
(11) this was revised upward days. 

While the effect temperature the length the continuous hibernation 
period has not yet been reported detail, there seems little doubt from even 
the few data presented above that the hibernation periods shorten the 
environmental temperature rises. fact, seems very possible that the 
longest periods may differ from the shortest periods factor five. 
making comparisons between species and between different investigations 
will nearly certainly necessary specify the temperature the data are 
meaningful. 

The reason for the periodic arousals from the hibernating state are not yet 
clear. Dubois (1896(1)) believed that the arousals the marmot were neces- 
sary order permit urination and defecation though many arousals were 
observed during which defecation did not occur. the other hand, Lyman 
and Leduc (1953(13)) have demonstrated that during arousals hamsters 
apparently must eat, since they not survive through the hibernating period 
when food denied. The species used the present investigation, lateralis, 
does not require food during arousals and indeed scarcely partakes food 
even present during these events. 

Evidence that the formation urine does not proceed appreciable 
rate the hibernating individual was given that least the 
arousal cannot caused the distention the bladder. While the kidney 
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the hibernating individual may not functioning, these observations 
suggest, seems necessary suppose that the metabolic end products nor- 
mally cleared the kidney continue produced. Possibly the concen- 
tration these the blood reaches critical level which initiates the arousal 
process. With the attaining the full normal homothermic condition normal 
kidney function would effected. The bladder would fill, and urination 
would take place just is, fact, seen. 

interest inquire into the mechanism which kidney function 
apparently stopped the hibernating ground squirrel. Winton and Bayliss 
(1958(17)) point out that when dog’s kidney removed from the animal, 
but provided with blood from the heart-lung circulation, behaves 
normal kidney far the volume urine produced concerned, and 
far concentration urea and creatinine are concerned. now such 
kidney cooled, the secretory activity and reabsorptive function the 
tubules cease, but the filtration mechanism the glomerulus does not, 
evidenced increased urine flow the low temperature. Tentatively 
may concluded that kidney function the hibernating animal does not 
cease because the kidney temperature below the normal 98° However, 
Winton and Bayliss (17) emphasize that any reduction the arterial pres- 
sure reduces abolishes urine flow, while stimulation the sympathetic 
nerves the kidney produces similar effect reducing the glomerular 
capillary pressure. seems reasonable suppose that some such local 
adjustments these, the animal, about reduce its body temperature 
the ambient, prepares for this stopping kidney function. 
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NOTES 


TWO TECHNIQUES USE THE CONTROL 
TRIBOLIOCYSTIS GARNHAMI 


Joun STANLEY 


February, 1959, cultures Tribolium confusum and castaneum 
maintained the Department Zoology McGill University became 
infected with the protozoon parasite garnhami, identified 
Laird (1). 

extensive cleanup the laboratory was carried out, with sterilization 
various means all surfaces. Two techniques interest resulted from 
this work. 

The main source contamination flour culture seems the 
breaking dead pupae and older larvae which dry and fragment. 
The spores cling the surface the sticky, newly laid eggs. Fortunately 
they are not inside the eggs, and can therefore removed washing 
process carried out the eggs. 

Park (2) described method destroying spores Tribolium eggs 
immersion mercuric bichloride, but this kills many eggs and unpleasant 
handle. Later, Park and Frank (3) used method whereby the eggs were 
shaken soapy water remove adherent flour and spores. seemed 
implied that the washing should done quickly, but the author has 
found that eggs are astonishingly resistant immersion water 
and other aqueous solutions, and will even hatch under water. Soapy water 
was tried these present studies, but failed clean the eggs completely 
(some strains Tribolium are productive stickier eggs than others). 

The detergent used was proprietory solution containing 
12.8% benzylalkonium chloride water. usually diluted 1/1000 
the active ingredient (about cc, the liquid liter water), but the 
proportions for this work are not all critical nearly 50% the eggs will 
hatch after immersion for hours 250 parts per thousand. Zephiran 
highly lethal wide variety bacteria, but whether not will kill 
garnhami spores unknown. However, remarkably detergent, and the 
staff this laboratory has used very widely for washing off surfaces and 
equipment. 

few thousand eggs are sifted from culture and roughly cleaned being 
rolled down sheet paper (Stanley (4)). They are then shaken vigorously 
Zephiran solution 250-cc Erlenmeyer flask. The flask should about 
half full produce strong washing action. If, after some shaking, the 
fluid given swirl, the eggs will all collect the middle the bottom 
the fluid comes rest. The fluid can then largely decanted without 
losing too many eggs. The eggs are checked for cleanness under binocular, 
and processed until all are perfectly clean and shiny. they not come clean, 
they can left soak for few hours. seems little harm. 
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The eggs are then washed repeatedly distilled water and separated out 
pouring onto slip fine stainless steel wire mesh, about mesh. 

These eggs are incredibly sticky and the problem was find any substance 
onto which they could spread dry. After many attempts was found that 
they would not stick polyfluorotetraethylene sold commercially 
The eggs are therefore pushed onto piece Teflon sheet about in. square, 
and with the aid little water and fine soft brush, they are spread out 
dispersed layer. The sheet with the eggs then placed cabinet about 
30° and 70% R.H. until dry few minutes). The eggs are then checked 
again, and any with adherent flour are removed. 

The eggs can then brushed off the sheet into sterile flour. This can 
prepared hot-air sterilization 40° for hours (to remove water which 
would cause caking), followed heating for hours The flour 
should loose layer not more than 1/2-in. thick will cake. 

The obvious method involves dissecting dead pupae larvae drop 
water and examining them under objective. This very slow process 
and, little minutes per specimen, 100 specimens would require more 
than hours’ work. One hundred specimens are not enough large culture. 
The following method works well. 

mass perhaps thousand larvae removed from the culture and shaken 
water remove external flour. The larvae are then dried allowing 
them crawl blotting paper, and then starved for hours overnight 
allow contained starch grains digest. The starved larvae are then mashed 
scrupulously clean and non-scratched agate mortar and the pulp 
digested overnight solution trypsin 30° 35° This will remove 
all the soft tissues. The remaining chitin then strained out with little 
wire sieve, and the liquid centrifuged until crystal clear. Examination the 
pellet thrown down under objective drop water will reveal any 
spores. fat droplets are nuisance, they can removed shaking the 
liquid with little petroleum and pipetting this off when rises the top. 

This method was tested mixing one infected larva with 1000 known 
clean (on the basis extensive checks the culture from which they 
came). The spores were quite easily found. 
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